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ADVERTISEMENT

[Sixteenth Annnal Peport |

The statute approved March 3 1879 establishing the Umted States Geologreal Survev contains the

followin_ provisions
The publicitions of the Geological Survey shall consist of the annnal report of operations geological

and economic m ips 1lustrating the resources and classitication of the lands and reports upoen general
and econome geolo,y and paleontology The annual report of operations ot the Geologiual Survey
shallaccompany the annual report of the Secietary ot the Intorior  All special memoirs and reporta
ot sarl Surs ¢y shall be 1sued 1n nmform quarto seres1f deemed necessary by the Director butother
wiseln ordiniry octavos  Thrie thousand copies of each shall he published for scintific exchanges
and fol vale ut the price of publication and all literary and eartographic i iterials reccived mexchange
shall be the property of the United States and forms a part of the hibrary of the orjanization and the
money resulting ifrom the sale of such publications shall be covercd 1nto the Lieisury of the United
States

Except 10 thoso cases 1n which an ovita nnwmber of any speeial memon or report has been supphied
to tbe Survey by resolution of Congre ot has been ordered by the Secretary of the Interior this
othce has no copies tor gratuitous distmbution

ANNUAI TFPOP1S

I First Annuaal heportof the United dbtates (reologic il Survey by Clareace hing 1580 8° 79 pp
1map — \ prehminary report describing, plin of orgamization ind pubhcations

IT Sccond Aunnal I eport of the United States Geological Survey 1880-81 by J W Iowell 188°
8° 1v 58Spp 02pl 1map

III Third Annual Report of tl e Umited States eological Survey 1881-S. by J W Powell 1883
8 xvin 564pp 67 pl and maps

IV Fourth Annunal heportot the Umted States Geological Survey 1882-83 by J W Powell 1884
82 <xx1 473 pp 8u pl and mips

V Fifth Annual 1 eport of the Umted States Geological Survey 1883-8f by J W lowell 188
8% xixvi 469 pp 58 pl and mAaps

VI Sixth Annual Report of she Umited States Geologival Survey 1884-85 byd W Powell 1885
82 xxn 570 pp 6o pl and maps

V1I Seventh Annual 1 eport ot the United States Geological Survey 1885- 86 by J W Powell 1838
8 x\ 656 pp  71lpl and maps

VIIT Fighth Annual 1 ¢pori of the United States Geologieal burvey 1886-87 by J W Powell 1839
80 . pt xix 474 <xnpp 923 pl andmaps 1p 1 47-1063 pp 54-76 pl 1nd maps

IX Ninth Annual 1 eport of the Umted States Geological Survey 1887-88 by J W Powell 1889
80 xm 717 pp 9Spl and maps

X Tenth Annual Report of the Unmitcd States Geological Survey 1883-89 by J W Powell 1890
8o pt <y 77dpp 98 pl andmaps vin 1.3 pp

XI Eleventh Annual I eportof the Umted States (reological Survey 1889-90 by J W Powell 1891
80 “pt xv 707 pp 06pl and maps 1¥ dol pp 30 pt

XII iwelith Annualt eportof the Umted States Giological Survey 1890-91 by J W Powell 1891
8 2pt ~xm 67opp »3pl amlmaps xvin "6 pp 146 pl and maps

YIII Thirteenth Annual Report of the Umted States Geological Survey 1891- 92 hy J W Powell
1893 82 3 pt wn 240pp 2maps ¥ 37°pp 105 pl and maps x1 486pp 77 pl and maps

A1V Fourteenth Annuil Reportof the Umted States Geological Survey 1892- 93 hyJ W Powell
1803 8 2pit w1 3°lpp 1lpl xx 597 pvp T4pl

XV TFifteeuth Annnal Peport of the Umted States Geologicul Survey, 1893~ 94 Ly J W Powell
189, 8¢ ~uv 785pp 48 pl

XVI Sivteenth Annual Peport of the United States Geological Survey 1894- 90 by Charles D
Walcott 1805 Partl 1896 82 4pt +1xn 910pp 117pl and maps xix 598 pp 1o pl and maps
xv 646 pp 23pl ax1x T35pp 6pl

I
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MONOGPAPHS

I Lake Lomneville by Grove Kal Gulbert 1890 4° ~xx 443pp 5ipl 1map Irice $1 50

II Tertiary History ot the Grand Cnon District with wtlas by Clarence T Datton Capt U S A
1882 4° xiv 261pp 12 pl and atlag of "4 sheets toliw  Price $10 00

III Greology of the ( omnstoc! Lude and the Waghoe Districd with atlas by Geor, 1 Techer 133
4° xv 422pp 7 pl and atlas of 21 sheets foliv  TPrico $11 00

IV Comstock Mimn, st Mincrs by Fliot Lord 1833 4 xnv 4ot pp 3 pt Tiwe $100

V The Copper 1 exning T ocks of Take Snpiror by Roland Duer Tryving 1883 42 <1 464 pp
151 9 pl wd waps Trice$l 8

VI Contuihutions to the Knowledge of the Oldir Mesozow klora ot Virginir by Williun Voinis
Fontame 1883 4° 1 lddpp 541 oipl Prre$l o

VIT Silver Teul Deposits ot Luzehy Nevada by Joseph Story Curtis 1884 4° ~m 200 pp 16
pl  Price $1 20

VIII Paloontology of the Fireka District by ¢ harles Doohttle W dcott 1884 47 xin _)s pp
241 24dpl Prrice$l 10

IX Truwbiwepoda awnd Lamellibt mchitta »f the Raitan Clays and Greun and Mirls of New Tersey
by Robert ' Wintheld 18% 4° <xx T pp 3opl 1map Priecdl b

X Thnocerata A Monograph of an Fxtinet Order of (1, mntic Mammals by Othmel Charles Marsh
1886 4© xym 213pp of1 A8 pl lre$ T0

XTI Geolo w1 History ot Lake Lalionsan » Quuaxnary T vke of Northwestern Nevad v by Tsrael
Cook Tussull 188 40 x1v 283pp 46pl wndmap  Price $1 7o

XIT Cecology wd Mimn, Industry of T« ulville ¢ olorwds with atls by Swnmel 1 rinklin Fmmons
1886 47 xwax (T0pp fopl and atlas of 39 shecis folie  Price $8 40

VIIT eology ot the Quackyilver Deposits ot the Picibe Slope with atlas by € eor, b ledler
1888 1°  xix 486 pp T pl andd ailas of 15 sheets folio Prue $2 00

XIV T ossi] Tishes and Tossil Plants of the Irr1as41c 1 ocks of New Jersey mlth ( onnecticut Val
ley by Tohn & Newberry 1888 40 ~x1v 12pp 26l Prec $1 00

XV Fhe Potomr o1 Younger Mesozore Florr by Wilham Moerirs Tontune 1389 40 v 377
pp 180pl  Text wdplates bound cpartely . Piwes 50

XV1 The Paleozow kishes ot North Ameriea by Tohin Stron, Newberry 1889 4 Hopp o pl
Price $1 00

XVIT The klora of the Dakoti roup 1+ posthumous work by Leo Lesuereux 1 hted by I 11
Knowlton 1891 4° 400 pp €0 pl Trx $] 10

XVIIT Gasteropodi and Gephivlopode of the Pantan Clavs ind ( reensand Marls ot Now Jersey
by Pobert I Whtfield 1291 4° 10 pp »0pl  Pruesl 00

XIX 1l Penokee Iron I ewnng Serics of Northirn Wisconsin and Michiw by Polind 1 Irving
and C P VainHise 1892 49 xan tpp 3ept Trice$1 70

XX Geology of the Eureka Thstrict Nevula with atlas by Arnold Hague 139 4° svu 419 pp
gpl Liwego ™

XXI he Lentiuy | hynchophorons Colcopter: of Notth Amerien hy Samnel Hnbhard Scndder
189 4> ~x1 200pp 18pl Trice 90 cents

XXIT A Munuo:lof Copogiiphic Methals Dy flenry ¢ mnott ouet fopo_ripher 14} 40 g
300 pp  IST1 lrice 3100

XX11l Geology of the ( reen Mount uns m Masswhusetts by Faphiel Tampelly T F Wolff
and 1 Nelscn Dale 1804 4 v _0C pp P Lrice $1 30

XXIV Mclluserand Crusticeaof the Miocene Torma(iing »f New Tersey by 1 obert 1 ary Whatteld
1894 4° 190 pp 24pl Irmce M oomds

In press

A XV The Glw1l Lake A a7 by Warrten Upham 189> 42 xwn ¢ 8pp 38 )l

XXVI Tl ol th Amboy Chiys by 3ohn Stron, Ncwherry 1 posthumous worl  edifel by
Arthur Hollulh 1895 4 topp 58 pl

XAVII Cceobrgy of the Denvel }asiy (olorado v S 1 1mmons Whitman ( ross and Ceor_e IT
Eldrid, e
In pireparation

— The Marguettc Tron Boarng Districs of Machi,an by ¢ ' T Van Hise ind W 5 Boley witha
chapter on the Pepublic Trongh hy T T Smyth

— The Geology ¢f Franhhn Hampshire md Himpden counties Mays ichusetts by 1 emjaimin Iven
dall F meison

— Lauulheal Gravels ot Mainde md gherr Associated Deposits by George II Stone

— Ceolo,v of the Narragmseti 1asm by N S Shalcr J T Whodworth and An_ust 1 Tocrste

— Fossil Meduse by ¢ D Walcoft

— Sauropoda by 0 ¢ Marsh

— Stegosaunin by O & Marsh

— Trontotheridr by O ¢ Marsh

— Report on Silver (1l anl Len Male Miming Districts €eloraiy by 5 1 I mmons

— Flora of the Larimi¢ and Alhed 1 ormatiens by Irint Hall knswlton
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1. On Hypersthene- Andes.te and on ‘Lriclinie Pyroxene in Augitic Rocks, by Whitman Cross, with a
Geological Sketeh of Buffalo euks, Colorado, hy 8. F. Emmons. 1883 8°. 42 pp. 2pl DIrice 10 cents,

2, Gold and Suver Conversion Tables, giviug the counng valne ol troy ounces of fine metal, ete., com-
puted by Albert Willtams, jr. 1833, 8°. Spp. TPrice 5 cents.

3. On the Fossil Fannas of the Upper Devonian. along the meridian ot 76030, from Tompkins Connty,
Xew York, to Bradford County, Pennsylvania, by Heury S. Withams 1834, 82, 36 pp. Trice 5 cents.

4. Ou Mesozoic Fossils, by Charles A. \White. 1884 8°. 36 pp. 9pl. Prnce S cents.

5. .\ Dictionary of Altitudes in the Umted States. compled by Henry Gannett. 1834, 8°. 325 pp
Price 20 cents.

G, Elevations in the Dominion of Canaila, by J. \V, Spenecer. 1884, 8° 43 pp. Price 3 cents.

7. Mapoteea Geologica Americana A Catajogue of Geological Maps of Ameriea (North and Southy,
1752-1881, 1 geograpluie and chronologic order. by Jules Marcou and Jolin Belknap Marcou. 1884,
8°. 181 pp. Price 10 cents.

8. Ou Secondary Enlargements of Mieral Fragents in Certain Rocks, by R. D. Irving and C, R,
Van Ilise. 188L. 8°. 36 pp. 6 pl, Price 10 cents.

9. A report.of work done in the Washington Laboratory danring the fiscal year 1883-°84.  F¥. W. Clarke,
chief chemist. I M. Chatard, assistant ehemist. 1884, 80. 10 pp. Price 5 cents.

10. On the Cambriau Faunas of North America. Prelimmary stndies, by Charles Doolittle Waleott
1884. 8°. Tipp. 10pl. Price 5 cents.

1i. Ou the Quaternary and Ieceut Mollusea of the Great Basni; with Descriptions of New Formas,
by R. Eltsworth Call. TIntraduced by a sketeh of the Qualernary Takes of the Great Basin, by G. K.
Gilbert. 1884. 8°. GG pp. 6 pl. TPrice 5 cents.

12. A Crystallographic Study of the Thinolite of Lake Laliontan, by Edward 8. Dana. 1384 30,
24pp. 3 pl. Price 5 cents.

13. Boundaries of the United States and of the several States and Territories, with a Historical
Sketch of the Territorial Changes, by Henry Ganuaett. 1885 8°. 135 pp. Price 10 couts.

14. The Electrical and Magnetic Tioperties of the Iron-Carbuiets, by Carl Barus and Vuwcent
Stronhal. 1883 8°. 238 pp. Price 13 cents.

15. On'the Mesozoic and Cenozoic Paleontology of Calitorma, by Charles A, White. 1885. 8°. 33 pp.
Price 5 cents.

16. On the IIigher Devonian Faunas of Ontario County, New York, by Johut M. Clarke 1885, 89,
86pp  3pl. Priced cents.

17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, with notes on
ihe Geology of the Disirict, by Arnold Hague and Joseph . Tddings, 1885 8°, 44 pp. Prico 5
cents.

18. Ou Marmne Eocene, Fresi-water Miocene, and other Fossil Moliusca ot Weatern North America,
by Charles A White. 1885. 8°. 26pp. 3 pl. Price 5 cents.

19. Notes on the Stratigraphy of Califorma, y George F. Becker, 1885. 8°. 28 pp., Price s corts.

20. Contributions to the Mineralogy of the Rocky Mountams, by Wintman Cross aud W, F. ITille-
brand. 1885. 82 1iipp 1 pl. Price 10 cents.

21. The Lignites ot the Great Sioux Reservation; a report on the Region hetween the Grand and
Moreau Rivers, Dakota, by DBailey Willis. 1885. 8°. 16 pp 5 pl. Price 5 cents.

22. On New Cretaccoits Fossils from Cahfornia, by Charles A. White. 1885, 8°. I pp B pl.
Price 5 cents.

23. Qbservations on the Junctiou bLetween the Eastern Sandstone and the Kewecnaw Series on
Keweonaw Point, T.ake Superior, by R.D. Irving and 1. C. Chamberhn. 1883. 8°, 124 pp. 17 pl
Price 15 cents.

24. List of Marine Mollusca, comprising the Quaternary Fossils and recent forms feomy American
Localities botween Cape Hatteras and Cape Roque, inclnding the Bemnudas, by Wilham Healy Dall,
1885. 8°. 336 pp. Price 25 cents

25. 'The Present Technical Condition of the Steel Luduasiry of {he United States, by Phineas Barnes.
1885. 8°. 83>pp. Price 10 cents. :

26. Copyper Smelting, by Henry M, Howe. 1885. 8° 107 pp. Price 10 cents.

27. Report of worl. done m the Division of Chemisiry and Pliysics, mainly during the fiseul year
1884-'85. 1886. 8° B0 pp. Irice 10 cents.

28. The Gubbros and Assnciated Hornblonds Rocks ocenrmng in the neighloriinod of Baltimore,
Maryland, by George Huntington Williams. 1886, 8°. 78 pp. 4pl. Price 10 cents.

29. Ou the Fresh-water Invertebrates of the North Awerican Jurassic, by Charles A White. 1886,
g8°. 41pp. 4pl  Price 5 cents.

30. Second Contribation to the Studies on the Cambrian Fannas of North America, by Charles Doo-
little Walcott, 1886. 8°. 369 pp. 33 pl  Price 25 cents.

31. Systematic Review of our Uresent Knowledgo of Fossil Insects, including Myrnapods and Arach-
nids by Samuel Hubbard Scudder. 1886. 8°. 128 pp. Price 135 cents

32. Lists and Analyses of tlic Mineral Springs of the United States (a Prehnnnary Stndy), by Albert,
C. ’eale. 1886. 3° 235 pp. Trice 20 cents.
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33. Notes on tho Geology of Northern California, by J. S. Diller. 1886. 8°. 23 pp. Price 5 cents.

34. Ou the relatiou of the Laramie Molluscan Fauna to that ot the succeeding Fresh-water Eocene
and otlier groups, by Charles A. White. 1836. 8°. 54 pp. 5pl. Price 10 cents.

35. Physical Properties of the Iron.Carburets, by Carl Barus and Vinceut Strouhal. 1836. 80. 62
pp. I'nice 10 cents.

36. Subsidence of Fine Solid Particles in Liquids, by Carl Barus, 1886. 8°. 58 pp. Price 10 ceuts.

37. Types of the Laramie Flora, by Lester F, Ward. 1887, 80, 354 pp. 57 pl. Price 25 ceuts.

38. Peridotite of Elliott County, Kentucky, by J. S. Diller, 1887. 8, 31 pp. 1pl. DTrices ceunts.

39. The Upper Beaches and Deltas of the Glaoial Lake Agassiz, by Warren Upham. 1887. 80, 84
pp. 1pl. Tricel) cents.

40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887.
80, 10pp. 4 pl Price 5 cents.

41, On the Fossil Faunas of the Upper Devonian-—tlic Genesee Section, New York, by Henry S.
Williams., 1887. 80, 121pp. 4 pl. Price 15 cents.

42. Report of work done in the Division of Chemistry and I’hysies, mainly during the fiscal year
1885-"86. TF.W.Clarke, chief chemist 1887. 8°. 152pp. 1pl. Price 15 cents,

43. Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, ant Alabama Rivers, by Eugene
A. Smith and Lawrence C. Johnson. 1837. 8°. 189 pp. 21 pl. Price 15 conts. )

44, Bibliography ot North Awerican Geology for 1886, by Nelsou II. Darton. 1887. 8°, 35 pp.
Price 5 cents. .

45. The Present Condition of Knowledge of the Geology of Texus, by Robert T. Hill. 1887. 8°. 94
pp. Price 10 ¢ents. )

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr., with an intro-
duction by N. 8. Shaler. 1888, 8°, 143 pp. DPrice 15 cents.

47. Analyses of Waters of the Yellowstone National Tark, with an Aceount of tho Methods of.
Analysis employed, by Frank Austin Gooch and James Edward Whitfield. 1888. 8°. 84 pp. DPrice
10 cents.

48. On the Formn und Posttion of the Sea Level, by Robert Simpson Woodward. 1888, 8°. 83 pp.’
Price 10 cents.

49. Latitudes and Longitudes of Certain Points in Missouri, Xansas, and New Mexico, by Robert
Simpson Woeodward. 1889, 8° 133 pp. Price 15 cents.

50. Formulas and Tables to facilitate the Construction and Use of Maps, by Robert Simpson Wood-
ward.  1889. 8°. 124 pp. Price 15 cents.

51. Ou Invertebratec Fossils from the Pacific Coast, by Charles Abjathar White. 1889. 8°. 102
rp- 14 pl. Price 15 cents.

52. Subaérial Decay of Rocks and Origin of the Red Color of Certain Formations, by Israel Cook
Russell. 1889. 8°. 65 pp. 5pl. Price 10 cents.

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889, 8°. 55 pp. 10pl. Price10
cents.

54. On the Thermo-Eleetric Measurement of ITigh Temperatures, by Carl Barus. 1889. 8°. 313 pp.
inel. 1pl. 11 pl. Price 25 eents,

55. Report of work done in the Division of Chemistry and Physics, maiuly during the fiscal year
1886-'87. TFrank Wigglesworth Clarke, chief ¢heraist. 1839. 8°. 46 pp. Price 10 cents.

56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889. 8°. 72
rp. Tpl. Price 10 cents.

57. A Geological Reconnaissance in Southwestern Kansas, by Robert Hay. 1890. 8°. 49pp. 2pl
Price 5 ceuts.

58. The Glacial Boundary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by George
Frederick Wright, with an introduction by Thomas Chrowder Chamberlin. 1890, 8°. 112 pp. incl
1pl. Bpl. DPrice 15 cents.

59. The Gabbros and Associated Rocks in Delaware, by Fredevick D. Chester. 1890. 89 45 pp.
1pl. Price 10 ceuts.

60. Report of work donein the Division of Chewmistry and Physics, mainly during the fiseal year
1887-'88. F. W. Clarke. chief ohemist. 1890. 8°. 174 pp. Price 15 cents.

61. Coutributions tv the Mineralogy of the Pacitic Coast, by Willimm Harlowe Melville aud Waldemar
Lindgren 1800. 8%, 40pp. 3pl. Price 5 cents.

62. 'The Greenstone Sohist Arens of the Menomnee and Marquette Regions of Michigan, a contri-
bution to the subject of dynamic metamorplism in eruptive roeks, by George Huntington Williams;
with an introdnction by Roland Dner Trving. 1880. 8°. 241 pp. 16 pl. Price 30 cents.

63. A Bibliography of I’aleozoic Cruastacea from 1698 to 1889, including a list of North American
species and a systematic arrangement, of genera, by Anthony W. Vogdes. 1890. 8°. 177 pp. Price
15 cents.

64. A report of work done in the Division of Chemistry and Physics, mainly dnring the fiseal year
1888- 89. X \V. Clarke, cluef chemist. 1890 8° 60 pp Price 10 cents,

65. Stratigraphy ol the Bituminous Coal Field of Pennsylvania, Ohio, and West Virginia, by Israel
C. White. 1891. 8°. 212 pp. 11pl. Price 20 cents.
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66. On a Group of Volcanic Rocks from the Tewan Mountains, New Mexico, and on tho occurrence
of Primary Quartz in certain Basalts, by Joseph Paxson Iddangs. 1890. 82, 34 pp. Price 5 cents.

67. The Relations of the Traps of the Newark System in the New Jersey Region, by Nelson Horatio
Darton. 1890. 8°. 82pp. Trice 10 cents,

68. Earthquakes in California iu 1889, by James Edwurd Keeler. 1890. 8°. 23 pp. Price 5 cents.

69. A Classed and Annotated Bibliography of Fossil Insects, by Samuel Hubbard Scudder. 1890.
g0. 101 pp. Pricc 15 cents.

70, Reporton Astronomical Work of 1889 and 1890, by Robert Simpson Woodward. 1890. 8°. 79 pp,
Price 10 cents,

71. Index to the Known Fossil Insects of the World, including Myriapods and Arachnids, by Samuel
Hubbard Scndder. 1891. 8°. 744 pp Price 50 cents.

72, Altitudes between Lake Superior and the Rocky Mountaing, by Warren Upham. 1891. &°.
229 pp. Price 20 cents.

73. The Viscosity of Solids, by Carl Barus. 1891, 80, xii, 139 pp. 6 pl. Price 15 cents.

74. The Minerals of North Carolina, by Frederick Augustus Genth, 1891. 8°. 119 pp. Price 15
cents.

75. Record of North Anmerican Geology for 1887 to 1889, inclusive, by Nelson Horatio Darton. 1891,
8°. 173 pp. PFrice 15 cents.

76. A Dictionary of Altitndes in the United States (second edition), compiled by Henry Gannett,
ohief topographer. 1891. 8°. 393 pp. Price 25 cents.

77. The 'Lexan Permian and 1ts Mesozoic Types of Fossils, by Charles A. White. 1891. 8°. 51 pp.
4 pl. Price 10 cents.

78. A report of work done in the Division of Chemistry and Physies, mainly during the fiscal year
1889-'90. F. W, Clarke, chief chemist, 1801, §°. 131 pp. Prico 15 cents.

79. A Late Volcanic Eruption in Northern California and its Pecnliar Lava, by J. 8. Diller. 1891, 8o,
33pp. 17 pl. Price 10 cents,

80. Correlation papers—Devonian aud Carhoniferons, by Henry Shaler Williaans. 1891. 8°. 279 pp.
Price 20 cents,

81. Correlation papers—Cambrian, by Charles Doolittle Walcott. 1891. 8°. 447 pp. 3 pl. Price
25 centa,

82. Correlation papers—Cretaceons, by Charles A. White, 1891. 8°. 273 pp. 3 pl. Price 20 conts.

83. Correlation papers—Eocene, by Williain Bullock Clurk. 1891. 82, 173 pp. 2 pl. Pricel5 cents.

84. Correlation papers—Neocene, by W. H. Dall and G. D. Harris. 1892. 8°. 349 pp. 3 pl. Price
25 cents.

85. Correlation papers—The Newark System, by Lsrael Cook Russell. 1892, 8°. 344 pp. 13pl
Price 20 cents,

86. Correlation papers—Archean and Algonkian, by C. R. Van Hise. 1892, 8°. 549 pp. 12 pl
Price 25 cents.

90. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1890-'91. F. W. Clarke, chief chemist. 1892, 8°. 77 pp. Price 10 cents,

91. Record of North Americar Geology for 1890, by Nelson Horatio Darton. 1891. 8°. 83pp. Price
10 cents.

92. The Compressibility of Liquids, by Carl Barus. 1892. 8°. 96 pp. 29 pl. Price 10 cents.

93. Some Insects of Special Interest from Florissant, Colorado, and other points in the Tertiaries of
Colorado and Utah, by Samuel Hubbard Seudder. 1892, 82, 35 pp. 3 pl. I'rice 5 cents.

94. The Mechanism of Solid Viscosity, by Carl Barus. 1892. 8§°. 138 pp. Price 15 cents.

95. Earthquakes in California in 1890 and 1891, by Edward Singleton Holden. 1892. 82, 3t pp.
Price 5 cents.

96. The Volume Thermodynamics of Liquids, by Carl Barus. 1892. 8°. 100 pp. Price 10 cents.

97. The Mesozoic Echinodermata of the United States, by William Bullock Clark. 1893. 8°. 207.
pp. 50pl. Trice 20 cents.

98. Flora of the Outlying Carbomferous Basins of Southwestern Missouri, by David White. 1893.
8. 139 pp: 5 pl. Price 15 cents.

99, Record of North American Geology for 1891, by Nelson Horatio Darton. 1892, 8°. 73 pp.
Price 10 cents. )

100. Bibliography and Index of the Publications of the U. 8. Gevlogical Snrvey, 1879-1892, by Philip
Croveling Warman. 1893, 8°. 495 pp. Price 25 cents.

101. Inseet Fanna of the Rhode Island Coal Field, by Samuel Hubbard Scudder. 1893, 8°. 27 pp.
¢pl. Price 5 cents, ' .

102. A Catalogue and Bibliography of North American Mesozoie Invertebrata, by Cornelius Breck-
inridge Boyle. 1893, 8°. 315 pp. Price 25 cents.

103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in relation to pressure, by
Carl Barus. 1893. 8°. 57 pp. 9 pl. Price 10 cents.

104. Glaciation of the Yellowstone Valley north of the Park, by Walter Harvey Weed. 1893. 89,
41 pp. 4 pl. Price 5 cents. .

105. The Laramie and the overlying Tivingston Formation in Montana, by Walter Harvey Weed,
with Report on Flora, by Frank Hall Knowlton. 1893. 8°. 68 pp. 6 pl. Price 10 cents.
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106 The Colorade Formation and its Invertebrate Fanna, by T. W. Stanton. 1893. 8°. 288 pp.
45 pl. Price 20 cents. .

107. The Trap Dikes of the Lake Champlain Region, by James Furman Kemp and Vernon Free-
man Marsters 1843, 80, 62 pp. 4 pl. Price 10 cents.
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LETTER OF TRANSMITTAL

DEPARTMENT OF THE INTERIOR,
UNtrED STATES (FEOLOGICAL SURVEY,
Washangton, D. C., July 15, 1895.

S1r: I have the honor to transmit herewith the report of
the operations of the United States Geological Survey for the
year ending June 30, 1895.

I wish to thank you for the careful and appreciative con-
sideration that you have given to the work of the Survey
throughout the year.

I am, with respeet, your obedient servant,

Drerector.

Hon. Hoke SmiTh,
Secretary of the Interior.



SIXTEENTH ANNUAL REPORT OF THE UNITED
STATES GEOLOGICAL-SURVEY.

CrarrLes D. WaLcort, DIRECTOR.

INTRODUCTION.

At the close of the fiscal year 1893-94 the resignation of
Maj. John W. Powell, who had been the Director of the
Geological Survey for thirteen years, went into effect, and on
July 1, 1894, the present Director took charge of the Bureau.
Having been a member of the Survey since its organization
(July 1, 1879), and geologist in charge for some time previous
to his appointment as Director, he was familiar with the pol-
icy and administration of the Bureau under his predecessors,
King and Powell, which he believed to be, in the main, wise
and efficient, and hence he has not found it desirable to make
any radical changes, either in policy or personnel. The changes
made have been in the nature of readjustments intended to
meet new conditions, and, if possible, to bring the Survey
more in touch with some of the economic and educational
interests of the country. Most of them were the outcome of
the natural development of the Survey, which, in turn, has
been but the logical consequence of the natural development
of the country. These readjustments, briefly outlined, are:
The raising of the standard of quality of the topographic maps
and the appointment of an editor to assist in securing their

7
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greater accuracy and uniformity; the representation on all
maps hereafter surveyed in the public-land States of the
land-subdivision lines, and, when possible, the location of
the position of township and section corners and the deter-
mination of their altitude; the enlargement of the work of
resurvey of areas the existing maps of which are, from any
cause, defective or inadequate for the proper representation of
the areal and economic geology; the planning of a system
of triangulation to supplement that already done by the Coast
and Geodetic Survey and by the Geological Survey; the
placing of the entire topographic force within the classified
service, so as to limit all appointments to men whose qual-
ifications have been tested by an impartial and thorough
examination; the obtaining of authority from Congress to
print and sell topographic maps, with text, for educational
purposes; the obtaining of authority from Congress to print
the annual volume on the mineral resources of the United
States as a part of the Annual Report, so that it may have
greater distribution, and to issue in pamphlet form, in advance
of the publication of the volume, the articles or chapters
composing the same, as well as papers on economic geology
constituting a portion of the other part of the Annual Report;
the enlargement and increase of the work of the Division of
Hydrography and of the Division of Mineral Resources; and
the making of reconnaissance surveys of regions supposed
to contain important economic resources, in order to obtain
information which, under the ordinary plan of awaiting a
complete survey of the region, would be delayed for years.

Acknowledgments are due the Smithsonian Institution and
the National Museum for general cooperation during the year,
.the Coast and Geodetic Survey and the General Land Office
for maps and other data relating to triangulation and land
surveys, and the Government Printing Office for assistance
in securing prompt publication and in the endeavor to reach
a high standard of book-making. The faithful and cordial sup-
port that has been rendered the Director and the Bureau by
all the members of the Survey finds fitting' recognition in
this place.
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PLAN OF OPERATIONS FOR THE YEAR.

In accordance with custom, a general plan of operations for
the fiscal year 1894-95 was laid before the Secretary of the
Interior, and was approved by him on the 13th of August.
The delay in its submission and approval was occasioned by
the failure of Congress to pass earlier the bills which carried
the annual appropriations for the work.

That the appropriations would not become available uutil
after the 1st of July became apparent early in June, and,
in order that as much as possible of the work of 1894 might
be commenced in the earlier part of the field season, a brief
preliminary plan of such work was prepared and submitted to
the Secretary on the 21st of June. This preliminary plan was
based on the anticipated extension of the appropriations for
the preceding fiscal year to provide for the inferval between
the 1st of July and the time of passage of the bills carrying
the appropriations for the new fiscal year.

The detailed plan of operations as approved by the Secre-
tary, and in conformity with which the greater portion of
the work hereinafter reviewed was executed, is on file in the
Department A general statement of appropriations and of
allotments for work in geology, paleontology, and topography
immediately follows, and where eacl party worked and what
each party and office division accomplished will be found
stated further on, under the head “Organization and work
of the year.”

APPROPRIATIONS AND ALLOTMENTS.

SUMMARY OF APPROPRIATIONS.

The sundry civil appropriation act for the fiscal year
1894-95 appropriated for the work of the United States
Geological Survey the sum of $421,600. Separate amounts
were by the terms of the act set apart for specific branches of
work and for the salaries of persons connected with these
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branches. For couvenience of reference these separate appro-
priations are here brought together and classified as follows:

For pay of skilled laborers, ete. ___..._.._. ... ... ... .... e $13, 000
For topographie surveys. ... .. ... . _l. oLl oo $150, 000
For pay of 2 geographers and 2 topographers...._. _.._.......... 9, 200

Total for topographic work . ... ... . ... .. ... ... 159, 200
For geological surveys. ... ... ..o L Lilaeeeio.. 100, 000
For payot 4 geologasts. ... .. .. ... ... e 13, 700

Total for geologic work.. .. ... .. ... ..l .ol .. 113, 700
For paleontologie researches ... ... ... ... ... ... Ll 10,009
For pay ot 2 paleontologists. ... ... ... ...l 4, 000

Total for paleontologie work. . ... . ... .. ........ e e s 14, 000
For chemical and physical researches. __.. . ... . .. ... ... 7, 000
Forpayof 1chemmst. .. ... ... ... L. .. . ...l 3, 000

Total for chemical work. ... .. . e e 10, 000
For gaugmg water supply.... ... ... Ll 12, 500
For preparation of tllustrations. ..... ... ... . ... ..l 13, 000
For preparation of report on mineral resources.... .......... ... .......... 15, 000
For purchase of books and distribution of documents ..................... 2, 000
Fo1 engraving and printing maps........... et mmamme et eaeamae s 65, 000
VY G ) 1 7y 4, 200

e 77 421, 600

Furthermore, there was appropriated in the same act for
engraving, printing, and binding publications of the Geolog-
ical Survey $35,000, this sum to be disbursed, not by the
Geological Survey, but by the Public Printer. The items are
as follows:

For engraving 1llustrations for report of the Director............ ... ... ... $5, 0UO
For engraving 1llustiations for monographs and bulleting ...._..._......... 10, 000
For printing and binding mounographs and bulletins. .. ...... ... ... ... .. 20, 000

8 77 35, 000

Lastly, the legislative, executive, and judicial appropria-
tion act for 1894-95 appropriated for the Geological Survey
$41,390, in two items, as follows:

For salanes of Drrector, chief clerk, chief disbursing clerk, librarian, and
photographer, together with clerks, messengers, watchmen, et al , to the

number of 30 persons 1 all_ ... ... .ol $31, 390
X0 o 3 ¢ g 10, 000
03 7 ) O 41, 390

Thus the total appropriation for the Geological Survey for
the fiscal year 1894-95 is $497,990.
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ALLOTMENTS TO GEOLOGIC WORK.

The total appropriation for geologic work for 1894-95 was,
as stated above, $113,700.

The following table exhibits the allotments made to the
heads of parties for the different sections of work:

Party Allotment
Shaler, N 8.(Massachusetts).._ .. .. ... ............ $3, 500
Emerson, B K. (Massachusetts) .. _.................._. 750
Dale, T. N. (New York and Vermont)_................. 2,700
Wolff, JJE (New Jersey).... ... cev cciurmrrnennona. 750
) White, C D (West Virgima, Virgima, and Tennessee). 1,700
‘Willis, Bailey (Maryland and West Virgmnia)...... ... 7, 500
Campbell, M R. (West Virginia) ............c..c.. ..., 3,500
Hayes, C. W. (Georgla, Alabawma, and Tennessee) ...... 3,500
Keith, A (Tennessee and North Carolmna) ............. 3,500
Becker, G F. (Georgia, North Carolina, South Caro-

Ina, and Virginia) . .........o. ciil aeee Leeinaaa 7,000
Darton, N. H (Maryland and New Jersey).... ... .... 1, 800
Clark, W B (eastern Maryland and New Jersey) --.... 600
Eldrdge, G H. (Florida)........ coiermnieaana.. 4, 000
Van Hige, C R (Lake Superior)....... ...... .. ..... 8,000
Chamberlin, T C (Ilhnois and central interior region). 3,000
Gilbert, G K (Colorado and Kansas).........._........ 8, 000
Hill, R T.(Texas) .cvou. oot air o cae e aae 6, 000
Weed, W.H (Montana) ............ ... .......... 3,600
Eldndge, G H.(\Idaho) ...... ... ... ... ....... 1, 200

. Emmons, 8. F. (Colorado and Utah).... .........__... 7, 000
Hills, R.C (Colorado) ....... .. oo e iaanas 1, 000
Cross, C. W.(Colorado) ... .. ... .. .cceivecann... 5,000
Hague, A (Wyoming) ... ....oiiniiimnn comencaanann. 4,750
Daller, J S. (Oregon and northern Califormia). ... ____. 5, 200

" Turner, H. W. (Califormia) ... ... ..oooooeeomm oo ann. .. 3, 600
Landgren, W.(Califormia) .......... ... ... _.._.. 3, 000
Lawson, A.C.(Cahformia) ... ..... . ... . _ ... ... 750
Executive office ......... T e et e e, 9, 000
Contingent fund. ... ... ... ... ol 3,800
Total . . e iee el 113, 700

A4
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ALLOTMENTS TO PALEONTOLOGIC WORK.

-

The total appropriation for paleontologic work was $14,000.
The following table exhibits the allotments made:

Section Allotment,

Paleozore ... ... . ieieaeiaa. $1, 500
Mesozo1C ... ... il il il el 1, 900
CenozolC... ... . ... Ll il emeeeeea.. 2, 900
Paleobotany ... ... ... _... et et 4,100
Vertebrate paleontology ... ... .. .. ... .. ... 2, 000
General assistant.. ... ... .. .. ... .. ii..ill.. 1,200
Unallotted ... ... .. e 400
Total . ... 14, 000

ALLOTMENTS TO TOPOGRAPHIC WORK

The amount appropriated for topographic work was $150,000.
Of this amount it was provided by law that $35,000 should be
expended west of the ninety-seventh meridian, in the States of
North Dakota, South Dakota, Nebraska, Kansas, Texas, and
the Territory of Oklahoma; and that one-third of the remain-
der should be expended west of the one hundred and third
meridian.” The following allotments were in accordance with
these provisions. These allotments include certain stated sal-
aries appropriated for men engaged in topographic work, the
aggregate amount of which is $9,200, making the total appro-
priation for topography $159,200:
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State Allotment

MalDe. . .on il it aet et $5, 000
Vermont ...... ... iiiaies cmeee oo el 4,000
New York... oo vomon o Lol oieeael il 10, 000
Pennsylvama ... ... ... ... ... oLl L.l 5, 000
Maryland and West Virgmma. ... ... oL il 2,000
West Virginia. ... ..o .. ... oiiiaes aiii. L.ool. 2,000
Virginia oo el 3,000
Tennessee ...... ... ... ..... colo. comceeiiiaiaan. 2,000
L T 03 o S A 10, 000
Minmesota. ... .. ...l 5, 000
North Dakota ... -...... ... ... fem e 5, 000
South Dakota ... .. . . ..._. 10, 000
Nebaska ... ... ... .. e oooo.- e eemaen s 10, 000
T OXAB oot et i e it aaas 12, 000
Colorado .... ... .0 .iillil emaiiia... e 20, 000
Idaho .. .coooh ool Ll Ll e el 5, 000
Washington . ... ... L.l 5, 000
L0 1T . ) 1 10, 000
Cahformia.. ... ... o ool el 20, 000
Administration and office foree ... ... ... ... ... _. 14, 200
Total ..... ....... e mee aeeeiolo. 159, 200

ORGANIZATION AND WORK OF THE YEAR.

The Greological Survey is now organized into branches and
divisions as follows.

Brancs, D1viIsIon.
Geology
Paleontology.
Geologie............ Chemistry
] Hydrography
Mineral Resonrces

{ Triangnlation.
Topography.
J’ Ilustrations.

Topographie ... ...

[Textual publications.
Editorial .. . .. Geologic maps

Topographic maps.
Engraving and Printing

Punbhication...... ...

Docnments, Correspondence, and Records.
Admmistrative.. .. .. { The Labrary.
ilDisbursements and Accounts
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The approved plan of operations was executed in all essen-
tial particulars, the slight departures therefrom being due to
conditions which could not well be anticipated. Following is
a detailed account of the work:

GEOLOGIC BRANCH.
DIVISION O¥ GEOLOGY.

The organization of the previous year was continued Each
of the twenty-six field parties was under the charge of a geolo-
gist or an assistant geologist, who reported to the Director.

Nearly all of the field work of the year was areal geologic
surveying, for the purpose of delineating on the topographic
base maps the distribution and relations of the various rock
formations. Considerable energy, however, was expended in
making a reconnaissance of the Southern Appalachian gold
fields and of the mining districts of central-southern Idaho,
and in obtaining data for the completion of the second portion
of the report on the Leadville mining district of Colorado.

For convenience of administration and reference the field
of operations was divided into six sections or regions, as fol-
lows: (1) New England, (2) Appalachian, (3) Atlantic Coastal
Plain, (4) Interior or Mississippi, (5) Rocky Mountain, (6)
Pacific.

NEW ENGLAND REGION,

This region includes the New England States and the east-
ern portion of New York. In it three parties were engaged
in field work, as follows:

Shaler party —The party in charge of Prof. N. S. Shaler
continued and practically completed the survey of the Narra-
gansett coal field of Rhode Island. A few points remain to be
examined while he is preparing his report. About 126 square
miles were newly mapped, and 25 square miles were revised
for the obtainment of boundaries and the interpretation of
structure The new work goes far toward clearing up the
problems of the coal field. It has for the first time approxi-
mately defined the area where coal may reasonably be sought
for. The data have been compiled so far as to show features



REPORT OF THE DIRECTOR. 15

which are of great importance from both an economic and a
theoretic point of view Some recent experiments appear to
show that by making briquets of the coal, the material being
mingled with 1 per cent of coal tar, an excellent fuel can be
produced. If this proves to be correct it seems certain that
something may now be done with the large stores of anthra-
cite which this district contamns.

In connection with the study of the Narragansett basin and
the Worcester basin of Massachusetts, two large areas of trap-
pean rocks were discovered and mapped. One is a great dia-
base dike near Woonsocket, R 1., and the other an extensive
area of traps near Mansfield, Mass. Both of these localities
were previously unknown, and they promise to be of great
value to the highway interests of southeastern Massachusetts,
as the material is suitable for road building.

In the office Professor Shaler prepared a report on the
geology of the road-building stones of Massachusetts, incor-
porating in it the results of the labors of Mr. F. C. Schrader,
an assistant employed for that work, and of the Massachusetts
Highway Commission, which has made tests of many kinds of
road-building material The paper will be found in Part II
of this Annual Report. The writing of the report on the
Narragansett coal field was begun and well advanced prior to
June 30.

Emerson party—In continuation of the mapping of the
areal geology of central Massachusetts, Prof. B. K. Emerson
completed the Marlboro sheet, embracing Worcester and Mid-
dlesex counties, and also a portion of the Sheffield sheet, which
includes all or parts of Berkshire County, Mass., Columbia
County, N. Y, and- Litchfield County, Conn. In the latter
area the boundaries ot the older rocks in Beartown Mountain
were traced and platted on the map. The completion of the
Marlboro sheet disposes of four sheets that will be combined
in a single folio, covering an area of which Worcester is the
center.

During the winter Professor Emerson worked upon the
chemical and petrographic material collected during the field
season, completed a revision of the manusecript of a report
upon the geology of Hampshire, Franklin, and Hampden
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counties, Mass., which will be published as one of the Survey
ronographs, and prepared a report upon the mineralogy of
the same region, which will be issued as Bulletin No. 126 of
the Survey series

Dale party—In eastern New York State. Prof T. Nelson
Dale continued the mapping of the areal geology of the south-
ern portion of the great roofing-slate belt of New York and
Vermont. The Cambridge sheet of Washington County,
N. Y, containing 250 square miles of territory, was wholly
mapped, and about 40 square miles of the Fort Ann sheet,
covering part of the same county, were also mapped. The
scientific results of the work consist of the careful outlining
of the Cambrian and Silurian rocks in a region of great
geologic complexity. The areal geology shows the approxi-
mate extent and limits of the belts of red, purple, and green
roofing slate, and the location of all quarries of importance.
But few of the quarries are being worked at present, but when
such slates as this region affords again come into demand, the
geologic map will be of service to operators. The two sheets
next north of the Cambridge sheet will embrace the center of
the roofing-slate region of eastern New York.

In the office Professor Dale’s principal work was the prepa-
ration for publication of the Troy and Cambridge sheets of
New York, and the writing of a paper on certain structural
details of the Green Mountain region in eastern New York,
which is published in this report

APPALACHIAN REGION.

This region embraces the mountain system and adjoining
hills and plateaus that extend from the ITudson River on the
north to central Alabama on the south. Eight parties were
engaged in field work during the summer, as follows:

Wolff party—In continuation of the work of the field season
of 1893 Dr. J. E. Wolff spent a part of the season of 1894 in
mapping the areal geology of the Lake Hopatcong sheet of
New Jersey, including parts of Morris and Sussex counties.
An area of 25 square miles was surveyed In the spring of
1895 the remaining 100 square miles were surveyed, and the
geology of this important area was thus completed
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Walls party—In the Elk Garden coal field of western Mary-
land and West Virginia 922 square miles were studied and
mapped by Mr. Bailey Willis, assisted by Messrs. Joseph A.
Taff and N. H. Darton. This area includes the Piedmont atlas
sheet, embracing all or part of Mineral, Grant, and Tucker
counties in West Virginia, and Garrett County, Md. About
two-fifths of the tract is occupied by the coal-bearing rocks.
Four coal beds are being worked, including the noted Elk
Garden seam, at the top of the section. Although it is now
many years since mining operations were begun, it was found
that operators entertained many and diverse opinions respect-
ing the identification of the coal beds in different parts of the
field, and it was clear that it would he of great value to opera-
tors and owners to have accurate maps and structure sections
showing the true relations of the various beds.

In connection with the coal work the geologic survey was
extended over the adjacent areas of Devonian and Silurian
rocks, and much valuable information of a scientific character
was obtained. In connection with the geologic work a thor-
ough revision of the topography of the area was made by
a topographic party, as the original topographic map was
not sufficiently detailed and accurate for the purposes of the
geologist.

In addition to the editorial work on the Geologic Atlas of the
United States, which will be mentioned elsewhere, Mr. Willis
was engaged in the office in the preparation for publication of
the maps and text of the Piedmont atlas sheet, and in attend-
ing to various matters referred to him by the Director.

Campbell party.—The party in charge of Mr M R. Campbell
was engaged in the survey of the coal field of southwestern
Virginia and southern West Virginia. The Bristol sheet, cov-
ering in part Scott, Wise, Russell, and Washington counties in
Virginia and part of Sullivan County in Tennessee, was com-
pleted by an examination of about 250 square miles around
Bristol and of the coal area in the northern part of the tract.
The Tazewell sheet extends from Virginia (Buchanan and
Tazewell counties) into West Virginia (McDowell County),
lying just east of the Kentucky line Of the 960 square

16 GEOL, PT 1 3
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miles within its limits, 700 are within the Appalachian coal
basin and 260 in the valley to the southeast. The coal terri-
tory was worked with great care, and the areal geology of
the entire sheet was finished. Mr. Campbell also completed the
survey of the Pocahontas sheet, which adjoins the Tazewell
sheet on the east, and embraces, in whole or in part, Bland
and Tazewell counties, Va., and Mercer and McDowell coun-
ties in West Virginia; and in order to connect the coal area
of the Pocahontas sheet with that of the New River district to
the northwest, 450 square miles of the Raleigh sheet (Raleigh,
Fayette, Wyoming, and Mercer counties) of West Virginia,
lying north of the Tazewell sheet, were surveyed. About 300
square miles of the IHinton sheet of West Virginia, which
adjoins the Raleiglt sheet on the north (embracing parts of
Summers and Monroe counties), were also surveyed.

The mapping of the areal geology and the determination of
the stratigraphic structure of the coal areas are of economic
importance, and the tracing of the different members of the
Pottsville series of Pennsylvania from New River to Tug
River is likewise an important work, as the lack of such infor-
mation has led to many erroncous correlations. In tracing
this series southward determinations were made of the manner
in which changes have occurred in the volumes of the vari-
ous beds that form the series, and it was also observed that
the series itself was increased by the addition of lower beds
toward the south This information will be of value in the
study of the coal-bearing rocks.

Mr. Campbell’s office work had reference principally to the
Tazewell and Raleigh sheets, and to the preparation of an
extended paper on the “Influence of orogenic movements in
Appalachian drainage” He also finished, ready for publica-
tion, the Pocahontas atlas sheet, the completion of which had
been delayed pending necessary topographic correction of the
base map.

Hayes party—In continuation of the mapping of the Appa-
lachian coal fields of eastern Tennessee, Mr. C Willard Hayes,
assisted by Mr. A. H. Brooks, completed the Pikeville and
McMinnville sheets, which adjoin and cover parts of White,
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Van Buren, Bledsoe, Rhea, Cumberland, Warren, Dekalb, and
Grundy counties This was new work with the exception of
about 80 square miles of the Pikeville sheet, of which a recon-
naissance had been made the preceding season. There are
about 1,000 square miles of coal area on the two sheets Mr.
Hayes next proceeded to southeastern Tennessee, where, in
cooperation with Mr Arthur Keith, the Murphy sheet (Monroe
and Polk counties, Tenn., and Cherokee County, N. C.), which
had been previously mapped in part, was completed. Mr.
Hayes next took up the areal geology of the Ellijay sheet of
northern Georgia, including all or parts of Fannin, Gilmer,
Union, and Lumpkin counties, but, owing to the inadequacy
of the topographic base, only enough work was done to estab-
lish clearly the connection between the formations of the
Murphy sheet and those of the Dalton and Cartersville sheets.
The Cartersville sheet (Gordon, Pickens, Bartow, Cherokee,
Cobb, and Paulding counties), whose northwest corner meets
the southwest corner of the Ellijay sheet, was then taken up,
and before the close of the field season 406 square miles
of new areal mapping were completed, and 306 square miles of
old work were revised

In connection with the areal mapping of the coal formation
of the Pikeville and McMinnville sheets study was made of
the coal of the region, especially the Sewanee seam, which
contains the greater part of the workable coal. This was
mapped and sections were obtained, so that a fair estimate can
be made of the amount of available coal within the area of
these two sheets. In the mapping of the Cartersville sheet
especial attention was given to the occurrence of iron and
manganese. The geologic relations of these ores were inquired
into, and the belts in which the various varieties occur were
mapped. Mr. Hayes also made a careful examination of the
bauxite deposits of Georgia and Alabama, visiting every local-
ity from which bauxite had been reported as occurring. Under
special instructions he visited also the phosphate district of
Hickman County, Tenn., and a reconnaissance was made
to determine the occurrence of phosphate in southeastern
Tennessee and in northern Georgia and Alabama. Typical
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exposures were visited over a large area, and the absence of
important deposits of the phosphate was definitely proved

Mr Hayes was engaged during the winter in the preparation
for publication of the maps and text of five geologic folios,
two of which, the Stevenson and Cleveland, are now in press.
In addition, special papers were prepared by Mr Hayes for this
report on the Tennessee phosphates and the bauxite deposits.

Keuth party —Mzr. Arthur Keith, assisted by Mr. H. B. Good-
rich, mapped the areal geology of the Wartburg sheet This
tract embraces parts of Morgan, Scott, Cumberland, and Fen-
tress counties in Tennessee, and 980 square miles of it are
within the Appalachian coal field. The coal measures of this
area had suffered very little disturbance, and the mapping was
therefore carried forward quite rapidly.

Mr. Keith next took up the Asheville and Cranberry sheets of
North Carolina and Tennessee (embracing all or parts of Bun-
combe, Haywood, Madison, Ashe, Wautauga, Caldwell, and
Mitchell counties in the former State, and touching Johnson
and Carter counties in the latter State), mapping 850 and 950
square miles, respectively. A reconnaissance was made also
of the Pisgah sheet (which includes parts of Transylvania and
Henderson counties, in the southwestern corner of North Car-
olina, adjacent to the South Carolina line), and of the northern
part of the Mount Mitchell sheet, which lies mainly in Yancey
and McDowell counties, N. C. So wmuch as remained to be
mapped of the Murphy sheet, before mentioned, was also
completed, which included some 600 square miles of areal
mapping.

The principal economic results were the mapping of the coal
measures of the Wartburg sheet, the study of the browu hema-
tite deposits of the Cranberry sheet, and the examination of the
strata of the Asheville sheet, which were reported to contain
deposits of brown hematite and of magnetite. Thesc ores were
found, however, to be of relatively small economic importance.

During the winter Mr. Keith was mainly employed in the
preparation for publication of material for atlas sheets.

White party—Mr C. David White was instructed to cooper-
ate with Mr. M. R. Campbell in mapping the Tazewell sheet,
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previously described, and in collecting and studying the plant
remains occurring in the various coal beds in order to obtain
data for correlating the various coal horizons, whose connection
was interrupted by faults or folds or by the destructive agency
of erosion. In October he joined Mr. Bailey Willis in work on
the Piedmont sheet, previously mentioned, and made a collec-
tion and study of the fossil plants of the coal beds of northern
West Virginia for the purpose of obtaining data for correlating
the coal beds of Maryland and northern West Virginia with
those of southern West Virginia, Tennessee, and other States.
Important identifications of coal beds were made by Mr. White,
and he found that the New River coal miners are apparently
working two seams (the Quinnemont-Fire Creek and the
Sewell-Nuttall) instead of four or five, as has generally been
believed. The lower coal bed is in the middle of the Flat
Top Mountain section, the Pocahontas coal thinning out and
occurring much nearer the Red Shales in the New River section
than in the Flat Top Mountain. The higher coal (Sewell-
Nuttall) belongs to the Sewanee group, and is approximately
of the age of the main Sewanee coal in Tennessee

In the office Mr. White was largely engaged in arranging
and identifying the contents of over fifty boxes of fossil plants
which had been collected during the field season. During the
month of March he was employed in identifying and label-
g the large collection of Carboniferous coal plants that had
been presented to the National Museum by Mr. R. D. Lacoe.
The latter collection embraces upward of 80,000 specimens
of Paleozoic plants. Its scientific value is great, as it contains
nearly two-thirds of the original specimens described and
figured from the Carboniferous flora of the United States.

Becker party—In response to repeated inquiries and requests
for information and a pressing demand for the work, a recon-
naissance of the gold areas of the southern Appalachians was
undertaken, Dr. George F. Becker being instructed to make an
examination of the auriferous deposits of Georgia and the
Carolinas. These deposits are divisible into three principal
groups. One of them lies almost entirely in Georgia, trending
in a northeasterly by northerly direction through Dalilorega,
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in that State. It has important expansions in Alabama and
North Carolina. A second belt extends in a similar direction
just west of the South Mountains of North Carolina through
Brindletown and Rutherfordton. A third belt, more extensive
than either of the others, trends in the same direction through
Charlotte, N (., reaching into South Carolina and nearly to
the Virginia line  Dr. Becker examined during the field season
all the mines that were being worked and a considerable num-
ber that had been worked in these belts—seventy-five in all.
Unfortunately, owing to the decomposed condition of the sur-
face rocks, instructive exposures are rarely met with, and many
of the mines formerly worked have been shut down, the shafts
being either full of water or caved in. In such cases the only
sources of information obtainable were the dumps and the
more or less trustworthy statements as to yield and richness to
be obtained of persons in the neighborhood. Besides the deep
mines, there are superficial deposits from which the greater
part of the gold product of the South has been obtained.

During the winter Dr. Becker prepared a report of the results
of his field work and the conclusions drawn from them, which
may be found in Part III of this Annual Report.

ATLANTIC COASTAL PLAIN REGION.

This area embraces the Coastal Plain region extending from
the mouth of the Hudson on the north to the Gulf of Mexico
on the south

Clurk party—In the northern portion of the region Prof.
William B. Clark made a revision of the Cassville sheet of
New Jersey (Ocean and Monmouth counties), and with the
ald of his assistant, Mr R. M. Bagg, mapped 250 square miles
of the Asbury Park sheet, which adjoins the Cassville sheet
on the east, special attention being given to the occurrence of
clays and marls.

In addition to his field work Professor Clark prepared two
paleontologic reports, one dealing with the Eocene fauna of
Maryland and Virginia, and the other with the Mesozoic
Echinodermata of the United States.

Darton party—The work upon the areal geology in the
vicinity of Washington, D. C., was placed in charge of Mr.
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N. H. Darton, who began and prosecuted the revision of the old
map. This work was carried forward during the spring and
summer, and was practically completed, with the exception of
the areas of crystalline rocks Mr. Darton’s principal work
of the year was the preparation of a report on the artesian-
well prospects in the Atlantic Coastal Plain region, which is
nearly completed.

Eldrdge party w Florwda —The work on the phosphate
deposits of Florida was not continued during the year, as Mr.
G. H Eldridge'’s time was entirely taken up with his general
geologic investigations in Idaho and the preparation of a
report thereon.

INTERIOR OR MISHISSIPPI REGION,

This region embraces the area lying between the British
boundary on the north, the Gulf of Mexico on the south, the
Rocky Mountains on the west, and the western slope of the
Appalachians on the east.

Van Hase party.—The field work of the Lake Superior par-
ties, under the charge of Prof. C R. Van Hise, was in the
Marquette and Michigamme iron districts. In the former dis-
trict the work which has been going on for several years was
completed by Prof. W 8. Bayley, who executed a small amount
of magnetic work in certain of the iron-bearing belts and filled
in minor deficiencies in the areal work at various.points. In
the Michigamine iron district detailed maps have been made of
one area by Mr. II. L. Smythe and of another by Mr. W N
Merriam. 'This work was done without cost to the Geological
Survey by a private organization; but the originals of all maps
and note-books and all specimens were placed at the disposal
of the Survey. To Mr. J. M. Clements was assigned the task
of connecting and ascertaining the relations of the formations
of the two areas surveyed by Messrs. Smythe and Merriam.

The tracing of the iron-bearing formations between the two
districts had to be done almost entirely by means of the mag-
netic needle, as there were very few rock exposures. An area
of about 142 square miles was covered successfully, despite
the difficult nature of the geology. The iron-bearing forma-
tion of the Amasa area was connected with that of the Fence
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River area. This resulted in the extension of the iron-bearing
formation about 15 miles. A belt of volcanic rocks underly-
ing the iron formation in the Fence River district was con-
nected with a broad area of volcanics in the Amasa district,
thus enabling the geologist to equate the respective formations
of the two series, and place them in the general scheme of
formations of the Upper and Lower Huronian. The private
organization previously mentioned also made a topographic
map of about 1,200 square miles in the Michigamme district.
The sheets constituting this map have been controlled by the
triangulation of the Geological Survey, and photographs of
two complete sheets are now ready for the platting of the areal
geology. The areal geologic work, however, extends a consid-
erable distance to the south and east of these tracts, and as
soon as the topography of this outlying district is completed
several more atlas sheets will be made ready for publication.
In the office Professor Van Hise and his assistants were
employed in the preparation of a monograph upon the Mar-
quette iron-bearing district, a voluminous and important work.
Professor Van Hise also completed a paper entitled “I’rin-
ciples of Pre-Cambrian North American Geology,” which will
be found among the papers accompanying this report.
Chamberlin party.—The work upon the glacial deposits of the
United States was in charge of Prof. T' C. Chamberlin, but
owing to his absence in Greenland, where he went early in the
summer to study glacial phenomena, Mr. Frank Leverett con-
ducted the operations in the field for the greater part of the time.
Work was carried forward in Indiana, Illinois, Towa, and Wis-
consin. In addition to data of much scientific value, many
important facts in relation to the several classes and kinds of
soils, and in relation to the ice action that produced those soils,
were obtained. The question of the presence of an available
water supply in the drift formations also received careful atten-
tion, a large body of valuable facts touching it being gathered.
In many places the drift beds afford small quantities of natural
gas, and all information possible was obtained concerning the
source and probable abundance of this product. The map-
ping of the thickened drift formations promises to be of
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economic value in dissipating false ideas of the uaderlying
geologic structure. In the drift and ridges of Mattoon and at
Champaign, in Illinois, small quantities of gas occur, confined
in beds of sand, and from this it is inferred by drillers from
the gas fields of Pittsburg, who were consulted on the subject,
that anticlinal ridges occurred in the underlying strata at the
places named, and that gas in quantity could be secured by
sinking deep wells. A knowledge of the drift deposits would
serve to remove this false impression.

In the office Mr Leverett was engaged in preparing for
publication a report upon the drift of the Illinois glacial lobe,
and on a manuscript report on the glacial drift of Illinois and
western New York.

Gulbert party—The party in charge of Mr. G K Gilbert
surveyed the Apishapa sheet of Colorado and made a prelimi-
nary examination of the Nepesta sheet Mr. Gilbert was
assisted the greater part of the time by Mr. F. P Gulliver
and Mr. G. W. Stose. On his return from the field he visited
ten gravity stations of the Coast and Geodetic Survey for the
purpose of making geologic observations in connection with
that work.

The Apishapa sheet includes all or parts of Pueblo, Huer-
fano, Las Animas, and Otero counties, and has an area of
about 940 square miles. It is occupied in the main by rocks
of Cretaceous age. The principal streams of the area and
their tributaries run several feet below the general upland
surface, occupying valleys and canyons. The lowest forma-
tion exposed in the area consists of about 300 feet of the
Dakota sandstone  The greater part of this is so porous as to
receive and transmit water with freedom, and this is the great
water-bearing stratum of the region. It is exposed in the
region of greatest uplift, and dips under the younger forma-
tions in all directions. The latter include the Benton group,
composed mainty of shale, but containing also some layers of
limestone, with a thickness of about 450 feet. Above the
Benton group is the Niobrara group, with a thickness of about
450 feet within the limits of the sheet.
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The Nepesta sheet (Pueblo and Otero counties) is occupied
in part by the shaly beds of the Niobrara group, in part by
the still thicker shales of the overlying Pierre group, which
in many areas arc covered by broad sheets of gravel This
gravel is the source of the principal springs of the region,
receiving the water of rains in its porous surface and discharg-
ing the same at its margins. Artesian water is at present the
principal mineral resource of the region The stream chan-
nels of the country afford so precarious a supply of water
that the amount necessary for irrigation can be obtained only
in the immediate vicinity of the Arkansas River and at a few
other favored points ~ Grazing has become the principal indus-
try of the region, and where there are no living springs it
is highly possible that by drilling through the shales of the
Benton group artesian wells could be obtained in the Dakota
sandstone. The areal mapping of this region will approxi-
mately indicate the artesian-well districts, and indication will
also be made of the regions in which it is possible that water
reached by the drill will outflow at the surface.

The following is quoted from Mr. Gilbert’s report, made
after a personal examination in October, 1894:

I therefore estimate the depth of the water horizon below the sur-
face at Rocky Ford to be between 735 and 1,135 feet. 1t 1s probably
less than 1,000 feet. T incline to the oprmon that the water will rise
above the surface at Rocky Ford, because the physical conditions are

very similar to those that obtain at Pueblo, where the water rises 150
feet above the flood-plain of the Arkansas.

A letter from James Dun, chief engineer of the Atchison,
Topeka and Santa Fe Railroad, dated July 9, 1895, and
addressed to Mr. F. H. Newell, states that at Rocky Ford “a
supply of 80 gallons per minute has been secured at a depth
of 790 feet.”

An examination of certain beds occurring in the upper part
of the Dakota sandstone and the lower part of the Benton
shale suggests that they may be valuable as fire clays, and a
fow tests that have been made indicate that a trial, on a larger
scale, of several of the deposits is worth the making.

Prof. C. S. Prosser, who had previously commenced the sur-
vey, under Mr. Gilbert’s supervision, of the Cottonwood Falls
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sheet (Chase, Butler, and Greenwood counties), of Kansas,
completed that sheet and began work on the Parkerville sheet,
in which Greary and Morris counties lie  These sheets contain
rocks of Lower Carboniferous age, and include limestone for-
mations that contain valuable building stone. In mapping the
various formations Professor Prosser has traced the continuity
of rocks formerly supposed to be distinct, and has clearly
indicated the limits of the districts to which future search for
valuable building stone should be restricted. The area actu-
ally surveyed is about 500 square miles, and a reconnaissance
was made of an equal area

During the winter Mr. Gilbert compiled the data for the
Apishapa sheet and made a study of the material gathered in
the field relating to gravity determinations The results of the
study of the latter material were embodied in a repert which
was forwarded before the close of the year to the Superin-
tendent of the United States Coast and Geodetic Survey.

Hul party —The party in charge of Mr. R T. Hill made a
careful areal survey of the Austin sheet of western Texas,
which comprises parts of IHays, Travis, and Bastrop counties.
This sheet is a very comprehensive one, as it embraces within
its area a large variety of geologic formations. Both the rock
formations and the surface soils were mapped in detail, and
the building stones, road-making materials, rocks adapted to
making water-lime cement, and the artesian conditions were
all carefully studied, as were also the fossil remains A geo-
logic reconnaissance was also made along the line from Austin
southwestward to the Rio Grande, for the purpose of looking
into the question of artesian water supply and the spring rivers
of that region

For the purpose of obtaining information of those structure
characters that influence the distribution of underground water
in the Plains region, Mr. Hill made a reconnaissance of the val-
ley of the Medicine Lodge River of Kansas, and of the country
lying between Winfield and Belvidere, in the same State

Mr. T. Wayland Vaughan assisted in the work on the Austin
sheet, and also visited certain points in Arkansas, Indian Ter-
ritory, and Louisiana to collect rocks and fossils, including
fossil plants. Large collections were obtained by him that
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will be of service in the correlation of the Cretaceous forma-
tions of Texas. Under special instructions from the Director
he also obtained some 1,200 pounds of pure white chalk for
the series of rocks that the Survey is preparing for distribution
to educational institutions.

After his return from the field Mr. Hill was employed in
preparing for publication a report on the results of his field
work. This included the preparation for publication of the
data for several geologic atlas sheets which had been sur-
veyed in previous years and the study of the large collections
made during the field season.

ROCKY MOUNTAIN REGION.

This area embraces the Rocky Mountains and their foot-
hills between the British and Mexican boundaries on the north
and south, the margin of the Great Plains on the east, and
approximately the line of the one hundred and nineteenth
meridian on the west

Weed party.—In continuation of the work of the previous
year Mr. Walter H. Weed was instructed to survey the IFort
- Benton sheet of Montana, which includes parts of Cascade,
Fergus, Choteau, and Meagher counties. Mr. Weed was
assisted by Prof. L. V Pirsson, whose services terminated at
the close of the season The areal geology of 3,375 square
miles was mapped, and a reconnaissance examination was made
of the Judith Mountains and of the St Louis lode, at Marys-
villey Mont A genecral study was also made of the mines of
the Barker district of the Little Belt Mountains aud of the
coal lands of the tract, and the outcrops of coal were traced
along the flanks of the Little Belt Mountains. 'The work in
the Judith Mountains included an examination of the coal
area of that region.

Among the more strictly scientific results were the comple-
tion of the study of the Little Belt Mountains, the recognition
of the volcanic nature of the Highwood Range, and the col-
lection of a complete series of the rare alkali rocks of those
mountains. The Belly River beds of the Canadian coal-
bearing series were recognized and determined for the first
time in this region.
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In addition to the preparation for study of the Little Belt
Mountains and Fort Benton geologic folios, Mr Weed assisted
Mr. Hague in the preparation of the geologic maps and accom-
panying text of the Yellowstone Park folio. He also prepared
several short papers upon subjects connected with his field
of work, for publication in the scientific magazines.

Elddge party m Idaho—My. George H Eldridge was
directed to make a reconnaissance of the Snake River and
Salmon River basins of Idaho. His route was from Boise
northeastward to the Continental Divide east of Salmon City,
thence south to Hailey, in the Wood River region, and west to
Boise, along the southern edge of the great mountain ranges
of 1daho. From Boise a trip was made southwestwardly to
the Oregon line, in the vicinity of De Lamar and Silver City
The distance traveled in the course of the reconnaissance was
850 miles, exclusive of the distance covered in doubling back
over the same route between local points. A distance of 750
miles was traveled by pack train

The results obtained are a general knowledge of the rocks
occurring along the route of the reconnaissance and much
information regarding the structural geology and the topo-
graphic features of the country traversed. The results of
economic value include a knowledge of the occurrence of the
ores in the eight or nine mining districts visited, of the general
character of the Idaho placer deposits, of the nature of the
problems requiring solution for the advancement of the gold
and silver mining industries, of the distribution of important
building materials, and of the general possibilities of the
country for irrigation, grazing, general agriculture, and fruit
culture

On his return from the field Mr. Eldridge began at once
the preparation of a report upon his reconnaissance in Idaho,
wlich will be found in Part IT of this Aunual Report.

Ewmmons party —In order to bring down to date the infor-
mation gathered during the summer of 1890 for the purpose of
preparing a report supplementary to his monograph on the
Leadville mining district (Monograph XII, 1886), Mr. S. I
Emmons reexamined during the season of 1894 the under-
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ground workings of the mines of that distriet, since, owing to
the physical conditions of the region, the determination of the
geologic structure and of the location of the ore bodies must
be based almost wholly on facts gathered in this manuner. The
original field work in the Leadville district was completed in
1880-81. As there have been twelve years of active mining
since that time, the area explored by underground workings
has been enormously increased. This method of observation
involves a great amount of labor, since underground traveling
is necessarily slow and the location of subterranean points
involves the compilation of a great uumber of underground
surveys. The compilation and correlation of these surveys and
the location of various points of contact and other phenomena
can be made and determined only by one thoroughly familiar
with the whole ground; hence, the person conducting the work
must perform an immense amount of purely mechanical labor
before trustworthy geologic results can be arrived at. It was
necessary that these surveys should be executed in order that
corrections in the deductions drawn from the earlier surveys
might be made, since those observations might influence both
the theoretic conclusions as to the origin and manuer of forma-
tion of the ore and the more practical ones as to the probable
extent and location of as yet undiscovered ore bodies.

The gold deposits of Breece Hill, whose development has
given new life to this important district, he does not regard as
essentially different in origin and manner of formation from
the deposits previously opened, in which the principal value
lay in the silver content, the small gold content being neglected.
These gold ores still carry a considerable amount of silver,
and their increased percentage of gold is probably due to their
proximity to a great mass of pyritiferous porphyry, which
was shown by previous observations to be gold-bearing. Mr
Emmons says:

If I am correct in my present views, other valuable gold deposits
will probably be found along the contacts between this porphyry and
the adjoining limestones, but it 1s almost impossible to determine the

probable location of such contacts, owing to the irregular shape of the
porphyry 1ntrusions.
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The latter part of the field season was spent by Mr Emmons
and his assistant, Mr. J. E. Spurr, in examining the Mercur
district, in the Oquirrh Mountain range of Utah. This district
has exeited much scientific interest on account of the peculiar
character and association of its gold-bearing ores, which are
found in stratified limestones associated with ciunabar and
realgar. It was found necessary to construct a detailed topo-
graphic map of an area of about 24 miles square before plat-
ting the outlines of the different geologic formations. After
getting the work well under way, Mr. Emmons left Mr. Spurr
to complete the necessary field observations. The geologists
found here a series of very thin sheets of eruptive rock lying
approximately parallel with the stratification, which are proba-
bly offshoots from ecross-cutting dikes. Immediately beneath
these sheets ore deposits have formmed, in which the values at
the upper horizon are in gold and at the lower horizon in sil-
ver, the latter having been first formed and the gold deposits
being apparently the result of subsequent mineralizing action.
The ores occupy a narrow geologic horizon which is probably
at the base of the Carboniferous limestone. Accurate and
detailed work was done in this smaller area, and reconnaissance
maps, both geologic and topographic, were made of the sur-
rounding region, covering an area of about 60 square miles,
for the purpose of showing the general geologic relations of
the ore bodies. It is thought that the results obtained, when
verified by the necessary laboratory experiments, will be of
value to the miners and mine owners of the district, as well as
of general scientific interest

A visit was also made to the mining districts of Breckenridge
in Colorado and Tintic in Utah, for the purpose of determining
the approximate area of the ore deposits in case it should be
thought desirable later to make detailed examinations of either
district.

Mr. Emmons’s time was given almost exclusively during the
remaining portion of the year to the preparation of the report
on the Leadville district, and that of Mr. Spurr to the prepara-
tion of a report on the Mercur district. The latter was com-
pleted, and it appears in Part II of this Annnal Report.
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Hills party—The survey of the iron and coal area of south-
ern-central Colorado was placed in charge of Mr. R. C. Hills,
of Denver, whose services were engaged for the purpose. Mr.
Hills completed the field work on the Trinidad, El Moro, and
Walsenburg sheets (which embrace in whole or in part the
counties of Las Animas, Huerfano, and Pueblo), with the ex-
ception of certain details which he proposes to add during
the ensuing field season. The area covered is fully 3,000
square miles. The results will be published as soon as the
topography of the mountain portions of the tracts under con-
sideration can be revised, in order to render them more suitable
for the proper presentation of geologic structure

Cross party.—Mr. Whitman Cross was instructed to make a
reconnaissance of the western portion of the San Juan Moun-
tains and of the adjacent La I’lata Mountains, within the gold
and silver district of southwestern Colorado, for the purpose of
determining the order in which it is best to take up the survey
of the various mining districts of the San Juan region. He
began field work by studying the sedimentary rocks of the
Animas River and the Post-Laramie rocks that occur below
Durango. He then visited the La Plata Mountains, and
thence traversed the regions of the Rico (Dolores and Monte-
zuma counties) and Telluride (San Miguel, Dolores, and San
Juan counties) sheets, topographic surveys of which were
being made at the time of his visit. This reconnaissance work
covered an area of approximately 500 square miles, and it will
greatly expedite the areal mapping and detailed study of the
region during the field season of 1895-96.

Mr. Cross found the gold deposits of the La Plata Moun-
tains to be poorly developed, although evidently of consider-
able extent throughout the group. The development appears
to have been very greatly hindered by erroneous ideas of the
geology of the mountains and by misapprehension of the
character of the ore deposits. He found that the ores are
chiefly impregnations of the Dakota and other sedimentary
horizons in the vicinity of diorite stocks. It is thought that
the detailed geologic map will be of great service as an aid in
prospecting and developing, as the ores are not generally
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rich enough to be profitably worked except on the basis of
a thorough understanding of the deposits themselves. The
scientific results obtained from the reconnaissance are of great
interest and add materially to our knowledge of the geology
of the region of the San Juan area

After completing the work in the San Juan area, Mr.
Cross proceeded to the Cripple Creek gold district, to make a
detailed geologic map, on a large scale, of this important dis-
trict. So far as known the Cripple Creek mining district is
unique in the character of it's geology. This fact, together
with the extremely decomposed state of the rocks and the
extent to which vegetation has covered the hills, makes it
almost impossible for the miner and the mining engineer to
gain a true conception of the local geology. It is thought
that the detailed geologic map which has been made will be
of service in the exploration of the mineral area. A study of
the ore deposits was made by Prof. R. A. F. Penrose, jr, which
will be of great service in clearly establishing the character-
istics of the ore veins and in showing their relations to the
geology

During the winter and spring Mr. Cross and Professor Pen-
rose were engaged in preparing a report upon the Cripple
Creek gold-mining district. This includes an extended paper
which 1s published in Part 1T of this Annual Report, and a
special geologic map, with text, which is to be inserted in the
Pikes Peak geologic folio.

Hague party—Mr. Arnold Hague has been engaged during
the year with office work pertaining to the preparation of the
geologic maps for the Yellowstone National Park folio and
the monograph upon the same region. The preparatory work
upon the folio atlas has been completed, and considerable
progress has been made in the preparation of the monograph.
Owing to the peculiar natural attractiveness of the area em-
braced within the limits of the park, the folio and monograph
will be of unusual interest.

16 GEOL, PT 1—3
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PACIFIC REGION,

This region embraces the territory lying between the Pacific
coast on the west and approximately the one hundred and
nineteenth meridian on the east.

Diller party—Field work in northeastern California and
southwestern Oregon was not taken up during the field season
of 1895, as Mr. J. S. Diller was detained in Washington. e
is now in Oregon, actively at work. The results of the oper-
ations of the field season will be reviewed in the next annual
report.

In the office the greater part of Mr. Diller’s time was given
to the preparation of a bulletin to accompany the Educational
Series of Rocks. As the preparation of the bulletin advances,
the specimens of the series are prepared in the Petrographic
Laboratory for distribution, 15,706 having been treated and
numbered, and it is anticipated that the bulletin and collection
will be ready for distribution at the same time. In order to
make the bulletin most useful to teachers and students, it will
contain, in addition to a full description of the rocks of the
collection, a preliminary section devoted to the subject of the
study of rocks The specific descriptions of more than one-
third of the rocks of the collection have been completed, and
the introductory portion, on the physical analysis of rocks, the
principal rock-forming minerals, and the classification of rocks,
has been written. In the work of preparing the descriptions
Mzr. Diller has been materially aided by the following persons:
Prof. Joseph P. Iddings, University of Chicago, Chicago, IlL;
Prof. W. S. Bayley, Colby University, Waterville, Me.; Dr.
Florence Bascom, State University, Columbus, Ohio; Prof. J.
E. Wolff, Harvard University, Cambridge, Mass.; Prof. L. B.
Pirsson, Yale Uniyersity, New Haven, Conn.; Prof. C. R. Van
Hise, University of Wisconsin, Madison, Wis.; and Dr. Wal-
demar Lindgren, of the United States Geological Survey.

Mr. Diller has general supervision of the Petrographic Labo-
ratory of the Survey. The work of the lahoratory is directly
in charge of Mr. E. G Paul, who is assisted by Messrs. F. C
Ohm and W. S. Robbins, all of whom have been continuously
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engaged in the preparation of specimens for study by the geol-
ogists, paleontologists, and petrographers of the Survey. The
total number of thin or microscopic sections made during the
year is 3,112. Specimens sawed, 987; specimens polished,
775; specimens trimmed, 750.

Turner party.—In continuation of his work of the previous
vear, Mr. H. W. Turner resumed the surveys in California.
He completed the revision of portions of the south third of
th'e Downieville sheet, after which he took up the Bidwell Bar
sheet, the entire area of which was gone over and about 600
square miles mapped in detail. It will require about three
weeks’ additional field work to complete that sheet.

On the Bidwell Bar sheet the distribution of the gold veins
in the talc schists and the amphibolite rocks was mapped,
and the mode of occurrence of gold in barite, or heavy spar,
on Big Bend Mountain was studied. The principal gold
deposits, however, occur in altered eruptive rocks, all of which
were studied in detail.

Mr. Turner also made collections of andalusite schist for the
Educational Series of Rocks. A fact of scientific importance
brought out by the season’s work is that some of the meta-
morphosed Mariposa slates are thoroughly crystalline and
contain abundant fossil shells, proving their Jurassic age.
These rocks are the youngest of the sedimentary rocks form-
ing the auriferous series of the Sierra Nevada

Mr. Turner spent the winter and spring in Washington in
the study and preparation of material for the Downieville
sheet and in the preparation of papers for journal publication.

- Lindgren party —Mr. Waldemar Lindgren surveyed an area
of 950 square miles in Eldorado and Amador counties, Cal,,
comprising the Pyramid Peak sheet of the Gold Belt. He
also completed the survey of the Nevada City and Grass Val-
ley special maps, covering parts of Nevada County. Com-
parative studies were made of the mines along the Mother
Lode of the Gold Belt and the districts previously surveyed.
These studies led to the determination of certain leading and
characteristic features of the gold-quartz veins of California,
which may be of service in future development in that region.
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A study was made of the granitic rocks of the Sierra Nevada,
which are typically represented in the Pyramid Peak sheet.
The character of the Ncocene topography of the Sierra
Nevada was also studied, and a determination was made of the
eastern margin of the gold-bearing region in the latitude of
the Pyramid Peak sheet.

In the office Mr. Lindgren was occupied during the winter
and spring in the preparation of the special maps of the
Nevada City, Grass Valley, and Banner Hill mining districts.
The maps, sections, and descriptive texts were all completed,
and in addition some time was given to the Marysville and
Smartsville sheets, which were in part revised and rewritten.
A detailed microscopic study was made of some of the rocks
of that part of the Gold Belt in which Mr. Lindgren’s field of
work is Jocated, and a part of the final report was written.

Lawson party.—The work in the vicinity of San Francisco
was conducted by Dr. Andrew C. Lawson, who mapped 27
square miles of the areal geology of the Concord sheet, which
covers parts of Alameda and Contra Costa counties, and about
the same amount of the areal geology of the San Francisco
sheet, which embraces San Francisco Bay and County and
parts of San Mateo, Contra Costa, and other counties. 'This
mapping has advanced several lines of investigation, both
economic and scientific. The question of artesian water sup-
ply is of much importance to the numerous towns on the east-
ern side of San Francisco Bay, and a knowledge of geologic
structure is necessary in order to carry on the exploitation for
water.

Much of the area mapped consists of a peculiar siliceous
shale which in the southern portion of the State is character-
ized by the presence of oil and asphaltum. The study of the
stratigraphy of these rocks will advance the knowledge of
their nature and origin and enable the geologist to advise more
intelligently touching any prospecting that may be undertaken
in the vicinity of San Francisco with a view to the discovery
of these useful products. Information was also acquired in
relation to the distribution of limestone, building stone, clays,
and materials suitable for macadamizing public highways and
for railroad ballast, all of which are in local demand.
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The scientific results are contributions to the’data which are
accumulating with respect to the geology of this portion of the
Coast Ranges. Large collections of fossils were made by Dr
J C. Merriam and Mr. F. L. Ransome, temporary assistants.

In the time at his disposal Professor Lawson redrew the
areal and structural geology surveyed in the field, wrote out
field notes, and made studies of the materials collected.

¥IELD WORK BY THE DIRECTOR

In September the Director proceeded to Denver, Colo , where
he consulted with a large number of mining engineers and
others interested in geologic work in Colorado. From Denver
he went to Cripple Creek, in the same State, in company with
Mr. 8. F. Emmons, of the Survey staff, and visited the district
in which Messrs. Cross and Penrose were conducting work.
The next stop was at Big Pine, Inyo County, Cal, where a
camp outfit had been reccived by Mr. F. B. Weeks, who accom-
panied the Director as a field assistant and stenographer. Two
weeks were spent in a reconnaissance of the White Mountain
Range, which extends along the boundary between California
and Nevada. It resulted in the determination of the general
structure of the range mentioned and the discovery of the fact
that the rocks forming it are of essentially the same geologic
age as those of the Basin Ranges of western Utah and Nevada,
and that the Cambrian rocks, which had hitherto been unknown
in California, occur in great development in the White Moun-
tain Range. On the completion of this reconnaissance the
Direector proceeded to San Francisco and held numerous con-
ferences with mining engineers, geologists, and others, not only
in the city, but also at the University of California and at the
Leland Stanford Junior University. Portland, Oreg., was
next visited for the same purpose; and conferences were held
in Seattle, Wash, and Boise, Idaho, with reference to the work
of the Survey in the Northwestern States, before returning to
Washington on November 1.

DIVISION OF PALEONTOLOGY.

The field work of the paleontologist is usually undertaken
with a view to obtaining paleontologic evidence upon which to
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base determinations of the stratigraphic succession of the rocks
and of their age in the geologic series when broken or dis-
turbed by faulting or folding. Incidentally, the paleontologists
frequently make determinations of paleontologic material for
the officers of State geological surveys and of educational
institutions, inasmuch as such institutions often lack the col-
lections and libraries that are necessary for the making of their
own determinations. The knowledge thus gained by the expert
is in nearly every instance a full equivalent to the national
Survey for the service rendered. Private students likewise
frequently make application for aid of this kind, and their
requests are often complied with.

The work on the Paleozoic fossils was in the immediate
charge of the Director. In the field collections were made
from the Cambrian rocks of northern Alabama and eastern
California. Some assistance was given Prof. H. S. Williams
in his work on the Devonian faunas, Prof. Alpheus Hyatt on
the Triassic fauna, and Dr. R. R. Gurley in the preparation of
material for a monograph of North American graptolites. Mr.
G. H. Girty was appointed an assistant in April, and worked
on the collections from the Middle Cambrian. A number of
collections of Devonian and Carboniferous fossils were identi-
fied by Mr. Charles Schuchert, of the United States National
Museum, the most important of which is that from the Yellow-
stone National Park.

Stanton party—Mr. T. W. Stanton was engaged in central
California in the study of the Cretaceous and Eocene strata of
the Coast Ranges, the primary object being the determination
of the field relations of the Upper Cretaceous (Chico) and the
Eocene (Tejon), and the collection of stratigraphic data and
of fossils for a comparative study of these formations. The
localities visited are all in the area between Clear Lake on the
north and New Idria on the south. The evidence collected
shows that the Chico and the Tejon have very distinct faunas,
and that the supposed blending of the two faunas was largely
due to errors in identification of both strata and species.

In October Mr. Stanton joined Mr. H. W. Turner’s party, and
spent about ten days with it, searching for fossils to aid in
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the determination of horizons in the areas then being mapped.
Later an examination was made of the Lower Cretaceous beds
in the neighborhood of Riddles, Oreg. A large collection of
fossils was obtained, and the Horsetown and Knoxville beds
of this region were clearly discriminated

Mr. Stanton next proceeded to Fort Benton, Mont, and
joined Mr. W. H. Weed, for the purpose of examining the
Cretaceous strata exposed along the Missouri River from Fort
Benton to the mouth of the Judith River.

As in previous years, a considerable portion of Mr. Stanton’s
time was devoted to examining and reporting on the Mesozoic
fossils collected by the geologic field parties of the Survey.
The larger part of his own collection was also identified and
made available for study. The Jurassic and Triassic fossils
of the Yellowstone Park were studied, and the report of the
results includes descriptions of new species and notes which
will be published in connection with Mr. Hague’s work.

The collections from the Knoxville (Lower Cretaceous) beds
of California were studied and the new forms included in a
paper on the fauna of the Knoxville formation, which was
presented by Mr Stanton for publication and will appear as
Bulletin No. 133 of the Survey series.

Dall party—Dr. W. H. Dall; accompanied by Mr. J. B.
Woodworth, one of Professor Shaler’s assistants, visited Marthas
Vineyard, Mass., for the purpose of studying the Tertiary beds
of the Gay Head section. An examination was also made of
similar beds on Block Island. The results of these observa-
tions are: (1) The establishment of the Miocene age of the fos-
siliferous strata and their reference to the upper part of the
Chesapeake Miocene; (2) the discovery of Pliocene strata in
the section, hitherto unrecognized; and (3) the determination
of some drift fossils found on Block Island as of accidental
occurrence. The stratigraphic determination resulted in show-
ing the Miocene age of the phosphate rock of South Carolina,
which had before been regarded as Eocene.

In November Dr. Dall’s assistant, Mr. Frank Burns, visited
Mississippi and western Alabama, and later western Florida,
for the purpose of obtaining a series of Tertiary fossils of that
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region and of determining whether or not certain collections
previously made were mixed material from distinet beds of
different age. Mr. Burns secured large collections of Tertiary
fossils, and, incidentally, a number of remains of Zeuglodon,
which will form the fullest series now known of that curious
animal.

Dr. Dall has reported upon the various collections submitted
to him by members of the Survey in order to determine the
age of the beds in which fossils were found. IIe also prepared
a number of papers on the subject-matter of his work. This
includes a monograph on the Tertiary Mactridee and an essay
on the classification of the bivalve shells. Mr. Burng’s time
was given principally to the cleaning, separating, and arrang-
ing of the field collections and the selecting of duplicate scts
for exchange.

Dr. Dall reports that he received courtesies during the year
from various private individuals interested in the progress of
geology, especially from Mr. Joseph Willcox, Mr Charles W.
Johnson, Mr. H. A. Pilsbry, and Mr. . J La Penotiére.

Ward party.—The most important field work of Prof. Lester
F. Ward, paleobotanist, was the correlation of the older Poto-
mac formation of the Atlantic Coastal Plain with the later
Tuscaloosa formation of the Gulf States. In company with
Prof. Arthur Bibbins, of Baltimore, he visited various localities
of the iron-ore region of Maryland, and made considerable
collections of fossil plants, which determined the age of the
iron-ore beds. With Dr. Arthur Hollick, of New York, a
reconnaissance was made of a number of localities on Long
Island and in New Jersey, and important collections were
obtained. Later in the year Professor Ward visited Tusca-
loosa, Ala., and thence traced the Tuscaloosa formation across
Georgia into South Carelina, and on through Aiken to Colum-
bia. Accompanied by Prof. W. M. Fontaine, of the University
of Virginia, and Prof. J. A. Holmes, State geologist of North
Carolina, Professor Ward made an examination of the forma-
tions in the vicinity of Weldon, N. C., and visited various places
on the line of the strike of those formations southward to the
South Carolina boundary, correlating, in connection with the
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work of the previous year, the formations of the Potomac
horizon throughout the Atlantic Coastal Plain.

In order to obtain data for comparison with the European
formations, Professor Ward took leave of absence during the
summer and visited various parts of Europe. In England
he made a special study of plant-bearing formations, and in
France, Portugal, and Italy he made examinations of large
and important collections In various museums, public and
private. While in Kurope he attended the International
Geological Congress, which was held in Zurich, Switzerland.

Professor Ward’s principal work in the office related to the
preparation of a paper on ‘“Some Analogies in the Lower
Cretaceous of Europe and America,” which is published in
this report. Work on the “Compendium of Paleobotany” was
steadily advanced by Miss L. M. Schmidt, under Professor
Ward’s general supervision.

In the advancement of the report upon the fossil plants of
Marthas Vineyard and Long Island, Professor Ward had the
efficient cooperation of Dr. Hollick, who began work upon the
collections and will prepare a report for publication as a bul-
letin of the Survey. He also had the valuable aid and cooper-
ation during the year of Professor IFontaine, who undertook
the study of a large collection of fossil plants sent in by Dr.
W. P. Jenney from the Lower Cretaceous of the Black Hills.
Further mention should be made also of the valuable aid
rendered during the year by Professor Bibbins, who extended
to Professor Ward many courtesies in presenting and loaning
rare specimens and in furnishing information in relation to the
plant-bearing formations of Maryland.

Knowlton party—It was deemed best that Dr. F. H. Knowl-
ton should devote his time entirely to the study of collections
already in hand and the writing of reports upon the same.
The first six months of the year were given to the revision of
the flora of the Laramie and allied formations. This work,
which had previously engaged his attention, was resumed and
pushed to practical completion It embraces the description
of about 400 species of plants, and will be of service in work-
ing out the stratigraphic succession of the series of rocks in
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which the coal seams of the Laramie formation of the Rocky
Mountains oceur. On the completion of this task Dr. Knowl-
ton took up the study of the rich collections of plants from
the Yellowstone Park. At the close of the fiscal year more
than 100 species had been determined and 200 pages of manu-
script prepared. Over 50 per cent of the species were found
to be new, and these were carefully deseribed. The study of
the Yellowstone collections thus far has resulted in the com-
plete differentiation of three horizons by means of the plant
remains, viz, Laramie, Fort Union, and Miocene. In addition
to these more important studies, many small collections were
determined by Dr. Knowlton from time to time, as they came
in from members of the Survey and others.

Marsh party—Prot. O. C Marsh continued the study of the
collection of vertebrate fossils gathered by him during the
period 1882 to 1890. The general work on the monographs
was continued, and the special paper on the ““North American
Dinosaurs” which is published m this report was prepared

DIVISION OF CHEMISTRY.

Prof. ' W Clarke, chief chemist, was in charge of the divi-
sion during the year. He was assisted by Dr. W. F. Hillebrand,
Mr. George Steiger, and Dr. H. N. Stokes. Some important
cooperation was also secured from Prof. C. K. Munroe, of the
Columbian University. The larger part of the work was in
the line of routine analyses, of which 304 were made and
reported during the year. Of these some of the more impor-
tant were those of 42 phosphates trom Florida, 12 phosphates
from Tennessee, 25 coals from West Virginia, and a large
group of rocks collected in the mining districts by Mr. W H.
Weed in Montana, Messrs. H. W, Twrner and Waldemar Lind-
gren in California, and Mr. Whitman Cross in Colorado Scme
detailed and elaborate chemical work was done by Dr. Hille-
brand on ores from Cripple Creek and Leadville, Colo., and
from the Mercur district in Utah. Dr. Stokes analyzed two
meteoric irons, one from Cherokee County, Ga., and the other
from Kl Capitan Mountain, Lincoln County, N. Mex.

Professor Clarke was employed largely in administrative
work in connection with the Departinent of the Interior exhibit



REPORT OF THE DIRECTOR. 43

at the Cotton States and International Kxposition, at Atlanta,
and in the preparation of a paper on the ‘“Constitution of the
Silicates,” which has already been published as Bulletin No.
125 of the Survey. 'This bulletin sums up results of studies
made during the past eleven years, and presents in complete
form the general theory upon the subject. Other purely scien-
tific work done in the laboratory during the year is an investi-
gation by Dr. Hillebrand into the estimation of titanium and
an elaborate research by Dr. Stokes upon the chloro-nitrides
of phosphate. 'The latter investigation led to the discovery of
a remarkable series of acids containing phosphorus and nitro-
gen, which are still under examination.

DIVISION OF HYDROGRAPHY,

This division was placed on a permanent footing by a pro-
vision contained m the sundry civil act approved August 18,
1894, which reads as follows.

For gauging the streams and determining the water supply of the
United States, mcluding the investigation of underground currents
and artesian wells in arid and semiarid sections, twelve thousand five
hundred dollars.

This definite recognition of the value of the hydrographic
work of the Survey gave it new life, and for the first time
rendered possible the extension of field work and the carrying
forward with thoroughness of the examination of the water -
resources of the country.

The surveys and examinations now under way were initi-
ated by the Irrigation Survey created by act of Congress in
1888. Previous to that time some stream measurements and
studies of the water supply, especially of the arid public-land
States, had been made by geclogic and topographic parties,
but the systematic work may be said to have begun in 1888.
The Irrigation Division of the Geological Survey ceased to
exist on August 30, 1890, owing to lack of further appro-
priations, but under the wording of laws still in force the
Geological Survey was authorized to continue some related
investigations of a scientific character. Among these were
questions of water supply for the arid region, including the
location and volume of the rivers. The field work of tlus
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division, being related to the general mapping of the country,
was carried on in connection with topographic surveying.
The greater part of the work, however, was in the office, and
consisted of completing and preparing for publication data
which had been obtained by the Irrigation Survey.

Mr. F. II Newell was continued in charge of the hyidro-
graphic work. The general work of the division may be
summed up as (1) field operations, consisting of the measure-
ment of the volume of water in various streams, mainly in the
western part of the country, and (2) office work, consisting of
various lines of investigation through the use of printed
schedules, preparation of results for publication, and general
correspondence with all classes of citizens

Field work was begun as soon as possible after the appro-
priations were made. The first operations consisted of river
measurements and the reestablishment of stations in Colorado.
The general supervision and inspection of Western river work
was assigned to Mr. Arthur P. Davis, who was transferred from
the Topographic Branch. His long experience in Western work,
his thorough acquaintance with the country, and his strong
personal interest in all matters pertaining to irrigation devel-
opment and water supply ronder his services exceptionally
valuable and efficient. Mr. Newell visited a number of river
stations with Mr. Davis and arrived at a thorough understand-
ing as to the methods and results desired. Mr. Davis then
visited points in Utah, Idaho, Washington, Oregon, California,
Arizona, and New Mexico, spending nearly five months in this
general trip before taking up work in Kansas. The work in
these States having been laid out, Mr. Newell proceeded to the
east and north, in order to obtain general information concern-
ing the local conditions and to start field work in the subhumid
States. The services of Prof. Robert Hay were secured, and
under general directions he made a reconnaissance of the
country along the one hundred and second meridian, from a
point near the North Platte River in Nebraska, through eastern
Colorado and western Kansas, to a point on the headwaters of
Smoky Hill River. This reconnaissance oceupied portions of
October, November, and December. Upon its completion the
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results were at once prepared for publication by Professor Hay,
and they may be found in one of the papers accompanying Part
IT of this Annual Report.

Mr Newell next went to the James River Valley, in South
and North Dakota, visiting the artesian wells at various points
and obtaining a personal acquaintance with the conditions
prevailing there. Later he measured the St. Louis River at
Cloquet, Minn,, and, going southward through Kansas and
Oklahoma to Texas, met Prof. Robert T. Hill, with whom he
spent some {ime examining the springs and artesian conditions
of a portion of the last-named State. ]

In the latter part of 1894 field work in the East was resumed,
Mr. Cyrus C. Babb, who had formerly assisted in stream meas-
urement, being placed in immediate charge The stations on
the Potomac River were renewed and extended so as to cover
systematically this important drainage system. Preliminary
work was also begun looking toward an investigation of the
rivers of Maine and other New England States. Later in the
season, the appropriation for the next fiscal year being assured,
similar work was started in Virginia and North Carolina, with
the intention of taking up a systematic examination of the
water powers of the Appalachian area.

The office work of this division is in many respects as
essential as the field work, and at all times demands careful
consideration. In addition to the correspondence with field
assistants and observers, independent investigations have been
set on foot by means of schedules. These are designed to
obtain general information from every part of the country con-
cerning its water resources and needs. The replies can not be
expected to be exact or wholly reliable, but they serve to indi-
cate the ideas and wants of the people, and round out or con-
firm many of the statements of facts the bare details of which
were obtained through exact measurements. The replies to
these schedules are systematically filed for reference and are
consulted whenever reports concerning any particular area
are in course of preparation. The inquiries sent out from this
office, and also the reports issued from time to time, necessarily
give rise to a somewhat voluminous correspondence, resulting
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in a diffusion through newspapers and other channels of pub-
lication of the facts which later are embodied in official publi-
cations. Kvery attempt is made to give the utmost publicity
to this work in order that the results may be utilized by those
interested at the earliest moment.

A brief review of the operations of the fiscal year can best
be given by States, arranging these in alphabetical order:

Arizona—The attempt to maintain work in this Territory
has not as yet been successful, owing largely to the expense of
transportation and the great distance from towns of points at
which river measurements can he made. The only station of
interest now maintained in this Territory is that at Yuma, on
the Colorado Rivei, this being conducted in‘ connection with
river measurements in California. The need of further work
in the Territory is apparent, but the expense of taking it up
on a suitable scale is so great that, with present appropriations,
it seems hardly feasible.

California.—The work in this State has been carried on by
Mr. J. B. Lippincott, of Los Angeles, who, with the assistance
of Mr. Arthur P. Davis, established a number of stations and
has expanded the work as far as expenditures can be authorized.
Measurements of the Sacramento, of tributaries of the San
Joaquin, and of a few southern streams have peen made. The
river stations in this State, though widely scattered, are rela-
tively accessible to railroad lines, and therefore the demand
for information can be more readily met than in some of the
less advanced areas.

Colorado—This State is one of the few having an engineer
or official charged with the consideration of the distribution of
waters for irrigation. The duties of the State engineer are,
however, so varied in character that it is only occasionally that
this officer can devote time or funds to investigation of water
supply. Mr. Arthur P. Davis has arranged for cooperation by
which the facilities possessed by the State engineer will be
shared by this Survey and the measurement of streams pushed
forward in the most economic manner possible. Besides the
stations previously established on the Arkansas and Rio Grande
rivers others have been established in the western and south-
western portions of the State.



RLPORT OF THE DIRECIOR 47

Idaho —Mr V C Tompkins, of Boise, has undertaken the
supervision of 1iver measurements in this State and has con-
ducted them successfully By act of legislature of March 9,
1895, the office of State engineer was created, and M1 ¥ J
Mills, the hieutenant-governor, was appointed to the place M
Tompkms 1s working 1n harmony with Mi Mills, to the end
that the data collected for the benefit of the Geological Survey
shall be of 1mmediate utility 1 the State engmeer’s office

Kansas —In the westein pait of this State Prof Robert Hay
conducted a 1econnaissance, previously mentioned, and later
Mi: Arthur P Dawvis established a number of 1iver stations at
points where the 1esults appear to be of the first importance
In this work he was aided by the State Board of Irnigation,
the obsetvers at a number of points being employed by the
State

Montana —Prof A M Ryon, of Bozeman, has had super-
vision of the measurements of the tributaiies of the upper Mis-
soun1  The station on the Yellowstone has been abandoned,
owing to the death of the obseirver, but 1t 15 1ntended to con-
tinue and expand these observations at the earliest opportumty

Nebrasha —Measurements of the Platte and Republhcan 1iv-
ers have been made by Prof Oscar V P Stout, of Lincoln,
Nebi, who has taken a peisonal mnterest i the work, and also
brought to bear on 1t facilities possessed through his connec-
tion with the State Univeisity At North Platte a number of
measutements of the North Platte River have been made by
Mr Chailes P Ross In addition, some work was done m
the western part of the State by Prof Robert Hay, as before
mentioned

Nevada —River stations were estabhshed on the Humboldt
and other streams by Mi 1. H Taylo1, of Reno, who, through
his acquaintance with the needs ot the State, has been mduced
to take up work of this character In this State, as 1n Arizona,
the expense of transportation and the maccessibihty of 1mpor-
tant pomnts have operated to deter 1apid extension of field work

New Memico —The stations m this Terntory have been under
the charge of Mr P E Hanoun, ot Santa Fe, a resident
engimeer connected with various local improvements He has
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given the greater part of his time to consideration of problems
along the Rio Grande, having made measurements at various
points from Embudo to El Paso, Tex.

North Dakota.—In this State a reconnaissance was made
in the fall of 1894, and considerable information has been
collected through the topographic parties and by means of
schedules. The problems in this State at present under con-
sideration are mainly conpected with deep artesian wells, as
the rivers offer peculiar difficulties, not only to their utilization
for irrigation, but also to obtaining accurate measurements of
them.

Oregon.—"The investigation of water resources in the west-
ern part of this State has been carried on by Mr. V. C.
Tompkins, in connection with his work in Idaho. It has been
possible for him to visit some of the more important eastern
rivers of the State, these being more accessible from the
Idaho side than from the more populous centers of Oregon.

South Dakota.—A reconnaissance of this State was made in
connection with that of North Dakota, and at a later time
schedules were sent out in the attempt to obtain recent infor-
mation concerning the artesian wells. The information is
being brought together for publication, and, when supple-
mented by field work, should be of considerable value to the
State.

Texas.—Besides the reconnaissance in this State made in
the fall of 1894, a considerable amount of information has
been obtained by means of schedules sent to owners of arte-
sian and deep wells. The geologic work of Prof. Robert T.
Hill is throwing light upon the structural problems, and will
lead to an interpretation of many facts at present apparently
anomalous. A number of large springs were measured, but
no permanent stations have been established. '

Utah.—Prof. Samuel Fortier, of Logan, Utah, who has given
much of his own time to the study of the water resources of
the Territory, has taken local charge, and has pushed forward
the work vigorously whenever opportunity offered. With the
assistance of Mr. Arthur P. Davis, he restored many of the
old stations, and, later, established new ones, these being
mainly upon streams belonging to the Salt Lake drainage.
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Washmgton.——fn this State Mr., Samuel Storrow, of North
Yakima, has undertaken measurements of the Yakima River
and its tributaries  Various causes have, however, conspired
to prevent the extension of the work beyond this basin,
although the attempt 1s being made to do so.

Wyoming.—Prof Elwood Mead, State engineer, has assumed
the supervision of the details of river work in this State, and
with his assistant, Mr W. M. Gilcrest, is conducting a series
of measurements upon the North Platte, Laramie, Green, and
other important streams.

Lastern States.—In Maryland, Virginia, and West Virginia
measurements of tributaries of the Potomac River were car-
ried on during the spring of 1895, and preparations have been
made to extend this work, with the ultimate object of ascer-
taining the water power available from the streams of the
Atlantic Slope, and also from those tributary to the Mississippi
River. A number of localities have been selected in North
and South Carolina, Virginia, and West Virginia at which it
is desired to establish river stations.

The details of the location of the river stations and of the
results accomplished at each have been prepared for publica-
tion as Bulletin No. 131 of this Survey, covering the calendar
years 1893 and 1894. In addition to this, a paper has been
written by Mr. Newell relating mainly to the vacant public
lands of the United States and their water supply, it being a
review of the present condition of the public domain and of
what is now known of the amount of water available for its
development. This paper will be found in Part II of this
Annual Report

DIVISION OF MINERAL RESOURCES.

The Division of Mineral Resources, under the charge of Dr
David T Day, was engaged during the year in the prepara-
tion of the eleventh annual report on the Mineral Resources
of the United States The first ten volumes constitute a dis-
tinct series, but under an act of Congress approved March 2,
1895, the volume on Mineral Resources becomes a part of the
Director’s Annnal Report; thus the eleventh report of this.

16 GEOL, PT 1——4
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series, for the calendar year 1894, becomes Parts III and IV
of' this Annual Report. By authority granted in the act men-
tioned, the principal chapters were sent to the Public Printer
in advance of the complete report, and a pamphlet edition of
them has beenissued This has been done heretofore through
the courtesy of the several Secretaries of the Interior,

The following review fromn the report presents a summary
of the chief developments in the mineral industries during the
calendar year 1894:

Comparmg the total value of the product in 1894 with the
value of 1893, a great decline is evident, the obvious cause of
which is the general financial depression. But besides this
general depressing element there were several special features
which affected the net result. The most notable was the strike
of the bituminous coal miners, which accounts quite largely
for the greatly decreased production and increase in price for
part of the year The strike naturally increased the usc of
anthracite, which partially made up for the decrcased demand
for this substance due to the depression of manufactures The
low price of silver is responsible for the decreased production
of that metal. The consumption of petroleum exceeded the
production, greatly decreasing the stocks at the wells and
mmcreasing the price. The other principal features are sum-
marized below.

METALS

Iron and steel—The declining tendency noted in the report
for 1893 continued in 1894, The production of pig iron
decreased from 7,124,502 long tous in 1893 to 6,657,388 long
tons in 1894. The decrease in value was nearly $20,000,000;
from $84,810,426 in 1893 to $65,007,247 in 1894. The value
of the pig iron produced in the United States in 1894 was less
than half' that in 1892, two years previous, though the decline
in production was only about 27 per cent  Production of steel
of all kinds increased from 4,019,995 long tons in 1893 to
4,927,581 tons in 1894 Limestone used for iron flux in
1894 was 3,698,550 long tous, valued at $1,849,275, against
3,958,055 long tons, valued at $2,374,833, in 1893.

The total product of iron ores in 1894 was 11,879,679 long
tons, valued at $13,577,335, as compared with 11,587,629 long
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tons in 1893, valued at $18,265,273. This is an increase in
production of 292,050 long tons, though the value decreased
$4,687,938. The value per ton in 1894 was $1.14, as compared
with $1.66 in 1893

Gold and silver—The gold product increased from 1,739,081
troy ounces, with a coining value of $35,950,000, in 1893 to
1,910,816 ounces, worth $39,500,000, in 1894  This product is
the largest since 1878.  Silver production declined in 1894, so
that the total was less than in 1893 by over 10,000,000 ounces, as
follows: 1893, 60,000,000 ounces, coining value $77,575,757;
1894, 49,501,122 ounces, coining value $64,000,000.

Copper.—The industry took little notice of the depressed
money market and the decreased consumption, but showed a
noteworthy increase. The product from American ores aggre-
gated 360,844,218 pounds, valued at $33,141,142, against
337,416,848 pounds in 1893, worth $32,0564,601. In addition
6,655,844 pounds were produced in 1894 from imported pyrites.
The necessary expenditures were also made for keeping up
future production.

Lead —Product: 159,331 short tons, worth $9,942,254, com-
pared with 163,982 short tons in 1893, worth $11,839,590.

Zwmec.—The rapidly increasing product of late years was
checked in 1893 and 1894 and a slight decline noted in both
years Product: 75,328 short tons, valued at $5,288,026,
compared with 78,832 short tons, worth $6,306,560, in 1893,
and 87,260 short tons, worth $8,027,920, in 1892.

Quicksuver —The product showed a noteworthy increase,
from 27,993 flasks in 1892 to 30,164 flasks in 1893 and 30,416
flasks in 1894  The price fell, making the total value $934,000
in 1894, $1,108,527 in 1893, and $1,245,689 in 1892. The in-
creased product came chiefly from the New Almaden, Mirabel,
and Altna mines.

Manganese —The quantity declined from 7,718 long tons in
1893 to0 6,308 tons in 1894. This was less than half the output
in 1892. 'This decrease was caused principally by the exhaus-
tion of the Virginia pockets of ore. The product of manga-
niferous iron ore increased, while manganiferous silver and
zine ores declined in product and value.
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Alwminum —The usual increase in product continued. In
1893, 339,629 pounds were made, chiefly by the Pittsburg
Reduction Company; it was valued at $266,903 in the pro-
ducer’s hands  In 1894 the output was 550,000 pounds; value,
$316,250. 'T'he largest single use is for adding to steel before
casting. It is also used for improving iron castings, for orna-
mental fancy articles, and for alummum cooking utensils, which
are being generally introduced.

The Southern deposits of bauxite furnish more and more of
the raw material.

Twn.—More careful examinations of the Kings Mountain,
North Carolina, locality furnish indications of considerable ore
which may yield 3 per cent No work was done at the other
deposits.

Nickel—The United States product was greatly reduced,
amounting to only 9,616 pounds, less than one-fifth the output
in 1893 and not much more than 10 per cent of the product in
1892. The Nevada and Oregon mines have not become pro-
ducers, but prospecting and development continues. The New
Caledonia mines increased their produet.

Antomony—The value decreased from $45,000 in 1893 to
$36,000 in 1894. The product came from Nevada and was
simelted in San Francisco

Platinum.—Product from the gold placers is still insignifi-
cant. The production in 1894 was 100 ounces, valued at $600.

FUELS

Coal. —The product of coal of all kinds in 1894 was
152,447,791 long tons, or 170,741,526 short tons, valued at
$186,141,564, against 162,814,977 long tons, or 182,352,774
short tons, valued at $208,436,696, in 1893  This indicates a
decrease in 1894 of 10,367,186 long tous, or 11,611,248 short
tons, or about 6 per cent, and a decline in value of $22,297,152,
or a little over 10 per cent. The product in 1894 consisted of
46,358,144 long tons, or 51,921,121 short tons, of Pennsyl-
vania anthracite, a decrease from 1893 of 1,827,262 long tons,
or 2,046,422 short tons, and of 106,089,647 long tons, or
118,820,405 short tons, of bituminous coal (including scat-
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tering lots of anthracite from Colorado and New Mexico),
a decrease compared with 1893 of 8,540,916 long tons, or
9,565,826 short tons. The value of Pennsylvania anthracite
decreased from $85,687,078 in 1893 to $78,488,063 in 1894,
a loss of $7,199,015 'The value of bituminous coal declined
from $122 751,618 to $107,653,501, a loss of $15,098,117.
The average price per ton for marketable anthracite declined
from $1.94 per long ton in 1893 to $1.85 in 1894. In amiv-
ing at the average price for anthracite the amount of coal used
at the collieries 1s not included. This factor consists of culm,
or slack, which would otherwise be thrown on the dump and
wasted, and no account of it is taken in the valuation. The
average price of bituminous coal declined from 96 cents in
1893 to 91 cents in 1894. In determining the average price
of bituminous coal all the coal mined and not actually thrown
away is considered.

In addition to the general trade depression and decline in
values, which affected both the anthracite and bituminous inter-
ests, the production of bituminous coal was seriously disturbed
by a prolonged strike, inaugurated in April and continuing in
some cases until September. The adverse influences of this
strike were felt in nearly all the important producing centers,
particularly in the Appalachian, Central, and Western fields.
The anthracite and a few bituminous regions which were not
affected by the strike were temporarily benefited The Poca-
hontas region in Virginia and West Virginia, some portions of
the New River and Kanawha, and the Upper Monongahela
regions in West Virginia, and some portions of Kentucky,
were exempted from its operations, and for a while production
in these regions was greatly stimulated and increased prices
for the product were obtained; but the temporary benefit
derived from the disturbance in other regions was not suffi-
cient to offset the general decline in values, and the output for
the year even in these favored regions shows a decrease in
value compared with the preceding year. An estimate of the
loss to the labor interests, based upon the average number of
employees and the average working time in 1894 compared
with 1893, shows one day’s labor lost by 5,167,357 men, or
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17,224 men thrown out of employment for a full year of 300
working days. Computing the average wages per diem at $3,
a total loss in wages to the miners and other employees thrown
out of work amounted to $15,502,071.

Coke.—The total product of coke in the United States in
1894 was 9,196,244 short tons, as compared with 9,477,580
short tons in 1893. There was a slight increase of coke-made
pig iron, from 5,390,184 long tons in 1893 to 5,520,224 long
tons in 1894, which would indicate an increased production of
coke for iron reduction.

Petrolewm —The most notable features in connection with the
production of petroleum in 1894 are: (1) The continucd decline
in production in the older fields and the increase in the newer,
especially in the Lima-Indiana field and California, the total
production of the United States showing an increase; (2) the
increase of consumption over production and heavy decline in
stocks at wells; and (3) the increase in price as compared
with 1893.

Pennsylvania declined from 19,283,122 barrels in 1893 to
18,077,559 barrels in 1894; New York, from 1,031,391 bar-
rels in 1893 to 942,431 in 1894 West Virginia about held
its own, the production being 8,445,412 barrels and 8,577,624
barrels in 1893 and 1894, respectively. Ohio increased from
16,249,769 barrels in 1893 to 16,792,154 barrelsin 1894. The
chief increase in this State was in the Macksburg or Eastern
Olito district, the Lima district producing about the same as
in 1893. Indiana increased from 2,335,293 barrels in 1893 to
3,688,666 barrels in 1894. Colorado decreased from 594,390
barrels in 1893 to 515,746 barvels in 1894, and California
increased from 470,179 barrels in 1893 to 705,969 barrels in
1894 The stocks held at the wells declined from 12,316,611
barrels at the close of 1893 to 6,499,880 barrels at the close
of 1894.

The total increase in the United States was from 48,412,666
barrels in 1893 to 49,344,516 in 1894

The average value of certificate oil in the Appalachian field
in 1894 was 83% cents, as compared with 64 cents in 1893, an
mcrease of 19& cents. In the Lima field the average price
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. advanced from 47} cents in 1893 to 48 cents in 1894. The
total value of the 48,412,666 barrels produced in 1893 was
$28,932,326, or 593 cents per barrel, while the product of
1894, 49,344,516 barrels, was worth $35,522,095, or nearly
72 cents per barrel.

The exports in 1894 were 908,225,314 gallons, being over
100,000,000 gallons more than in 1893. This is the largest

export yet recorded.
STRUCTURAL MATERIALS.

Stone.—The value of the total product of stone of all kinds
increased from $33,885,573 in 1893 to $37,377,816 in 1894,
The increase noted is probably not so much due to an increase
in actual production as it is to the fact that the canvass of
the stone producers of the country for this year is a complete
census.

Soapstone—The production of soapstone in the form of slabs,
etc, amounted to 23,141 short tons in 1894, worth $401,325,
compared with the production of 21,071 short tons in 1893,
worth $255,067. The production of fibrous talc in 1894 was
39,906 short tons, worth $435,060, compared with 35,861
short tons in 1893, worth $403,436.

Clays —Yor the first time in the history of the Geological
Survey an attempt has been made to make a complete can-
vass of the clay-workers of the United States. This work has
been highly satisfactory, and the value of the clay products
is shown to be $65,389,784. The only figures with which
comparison can be made is the statement published by the
Eleventh Census, which shows that the value of the finished
brick, tile, terra cotta, etc., in 1890 was $67,770,695.

Cement.—The production of natural-rock cement increased
slightly; that is, from 7,411,815 barrels in 1893 to 7,563,488
barrels in 1894. Artificial Portland cement increased from
590,652 barrels in 1893 to 798,757 barrelsin 1894. The value
of natural-rock cement decreased from $5,104,708 in 1893 to
$3,646,608 in 1894; that of Portland increased from $1,158,138
in 1893 to $1,383,473 in 1894, making a total value of all
cements in 1894 of $5,030,081, as compared with $6,262,846
in 1893. This decrease in total value is due to the fact that
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the value of the barrels is not included in the 1894 figures,
while it has been included heretofore.

ABRASIVE MATERIALS

Millstones —The value decreased from 816,645 in 1893 to
$13,887 in 1894. The product came from New York, Penn-
sylvania, and Virginia.

Grindstones—The value in 1894 was $223,214, as compared
with $338,787 in 1893. These values include 810,143 aud
$19,159 worth of whetstones made from sandstone, chiefly in
Ohio, in 1894 and 1893, respectively.

Corundum and emery—The product decreased slightly in
1894, or from 1,713 short tons, worth $142,325, in 1893 to
1,495 short tons, worth $95,936, in 1894,

Oilstone.—"'he Arkansas, New Hampshire, and other whet-
stones made in 1894 fromn novaculite had a value of $136,873,
against $135,173 in 1893. This does not include the sand-
stone product of Ohio.

MINERALS USED FOR CHEMICAL PURPOSES.

Phosphate rock.—Florida produced 527,653 long tons and
South Carolina 429,218 long tons in 1894, as compared with
438,804 long tons and 502,564 long tons in 1893. The value
of Florida’s product in 1894 was $1,666,813, and South Caro-
lina’s $1,662,017, making a total of $3,328,830 The total
value of this product in 1893 was $4,136,070. The chief event
of importance in 1894 was the appearance of Tennessee in
the list of producing States. 'The product in this State in that
year was 19,188 long tons, worth where produced $67,158.
Tennessee promises to be in the future an important producer
of a high grade of phosphate rock.

Marls.—The local use of marls in New Jersey, Virginia,
and Alabama continues to decrease, being displaced by com-
mercial fertilizers

Gypsum.—The product in 1894 was 239,312 short tons,
worth $761,719; in 1893 it was 253,615 short tons, worth
$696,615. '

Salt —The product in 1894 was 12,967,417 barrels (of 280
pounds each), which was an increase over the product of 1893,
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_when 11,816,772 barrels were produced.  The total value shows
an increase from $4,054,668 in 1893 to $4,739,285 in 1894.

Bromine—"The increased price noted in the last report has
declined very slightly, the product in 1894 being 379,444
pounds, worth $102,450, compared with 348,399 pounds in
1893, worth $104,520.

Todine —Search is still being made for large quantities of
salt brines containing even traces of iodine, with a view to
using new processes for extracting it.

Sulphur~—The product continues to decrease. In 1894 it
was 500 short tous, worth at Salt Lake City $20,000. In 1893
it was 1,200 short tons, worth $42,000. This product, as
heretofore, comes entirely from the Western mines.

Pyrites—The product increased from 83,277 long tons in
1893, worth $275,302, to 105,940 long tons in 1894, worth
$363,134 New sources of supply are being developed in
North Carolina.

Borax.—The product increased from 8,699,000 pounds in
1893, worth $652,425, to 14,680,130 pounds in 1894, worth
$974,445. This entire product came from California and
Nevada.

Fluorspar~—The product and value of this substance showed
a decline in 1894 from 1893, being 7,500 short tons, valued
at $47,500, in the former year, and 12,400 short tons, worth
$84,000, in the latter year.

Chromic i on ore—The product in 1894 was 3,680 long tons,
worth $53,231 in San Francisco, as compared with a product
of 1,450 long tons in 1893, worth $21,750. All of this prod-
uct was from California. The consumption is chiefly supplied
from imports from Asia Minor.

MINERAI PIGMEN1S.

Barytes—The promise of an increase in production of this
substance made in the last report was not fulfilled, the produc-
tion being 23,335 short tons, worth $86,983, as compared with
a product of 28,970 short tons in 1893, worth $88,506.

Metallic pawnt.—The product of metallic paint increased from
19,960 short tons in 1893, valued at $297,289, to 25,375 short
tons in 1894, valued at $284,883, showing an increase in
product of 5,415 tons and a decrease in value of $13,406.



H8 REPORT OF THE DIRECTOR.

Ocher, umber, etc—The product of ocher decreased from
10,517 short tons, valued at $129,393, in 1893, to 9,768 short
tons, valued at $96,935, in 1894. Umber declined from 480
short tous, valued at $7,560, to 265 short tons, valued at
$3,830. The product of sienna increased from 150 to 160
short tons, but the value declined from $4,875 to $3,250. The
amount of soapstone ground for pigment was 75 tons, valued
at $525, against 100 tons, valued at $700, in 1893. Slate
ground for pigment decreased from 3,183 short tons to 2,650
short tons.

Venetian reds.—The product decreased from 3,214 short tons
. to 2,983 short tons, while the value inecreased from $64,400
to $73,300. ‘

Cobalt oxide—~The total produet in 1894 was 6,763 pounds,
worth in the condition in which it was first sold $10,145. The
price of pure cobalt oxide ready for pottery or paint use was
$2 per pound.

Zine white—The product declined slightly, from 24,059
short tons in 1893, worth $1,804,420, to 21,443 short tons in
1894, worth $1,500,975. The price decreased from $75 per
ton in 1893 to $70 in 1894.

Graphite—The product, 918,000 pounds in 1894, includes
the crude material mined for crucible and all purposes, as well
as that for pencils. Its value was $64,010 in the state in which
it was first mined. In 1893 the product was 843,103 pounds,
worth $63,232.

MISCELLANEOUS,

Precious stones—The value of the rough gems found in the
United States decreased from $264,041 in 1893 to $132,250
in 1894.

Mica—The industry is still crippled by irregularity in min-
ing methods. The value of the product in 1894 was $52,388,
as compared with $88,929 in 1893.

Feldspar—~The product and value increased from 18,391
long tons in 1893, worth $68,037, to 17,200 long tons in 1894,
worth $167,700.

Flint—This product also shows an increase in produc-
tion and value, the figures being, in 1893, 29,671 long tous,
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worth $63,792, as compared with 38,000 long tons, worth
$319,200, in 1894.

Asphaltum.—As in 1893 the most of this product came from
California, with small amounts from Utah and Kentucky.
This product includes ozocerite, produced in Utah, and
amounting in 1894 to 60,570 short tons, worth $353,400. This
shows a slight increase in production and decrease in value.
In 1893 the product was 47,779 short tons, worth $372,232

Asbestos.—~—The deposits of chrysotile near Casper, Wyo.,
mentioned in the last report, still lack development. The
product in California, however, increased quite significantly,
or from 50 tons in 1893, worth $2,500, to 325 tons in 1894,
worth $4,463.

Infusorial earth—The product continues to decline, the value
of that produced in 1894 being but $11,718, as compared with
$22,582 in 1893.

Magnesite.—California continues to be the only State pro-
ducing this substance. The product in 1894 was 1,440 tons,
valued at $10,240 in San Francisco. In 1893 the product was
704 tons, worth $7,040. ’

Mineral waters—The statistics are limited to the actual
amount sold. In 1894 the produect declined to 21,569,608
gallons, worth $3,741,846, as compared with a product of
23,544,495 gallons in 1893, valued at $4,246,734.

Metallic products of the United States in 1894,

( Products Quastity Value
Pigwron._.._ ... ... ... long tons.. 6, 657, 388 $65, 007, 247
Silver. . oL troy ounces.. 49, 501, 122 64, 000, 000
Gold ..ot it do.... 1,910, 816 39, 500, 000
Copper......... ... ool -.. pounds..| 360,844, 218 33, 141, 142
Lead ... ... .. iii.a.o.. short tons.. 159, 331 9,942 254
Zime __............ e ememce e aan do.... 75, 328 5, 288, 026
Qnicksilver.. . .....ec.ov. aoon flusks.. 30,416 934, 000
Aluminum ... .eaiocinaae- pounds.. 550, 000 316, 250
Antimony ...._.... ..., short tons.. 200 36, 000
Nickel ..o oo iim ot pounds.. 9,616 3, 269
Platimum ... ............. troy ounces.. 100 600

Total oo i il i e a 218, 168, 788
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Nonmetallic mineral products of the United States in 1894.

Products. Quantity Value
Bitumnous coul............ short tons..| 118,820,405 | $107, 653, 501
Pennsylvana anthracite -...long tons.. 46, 358, 144 78, 488, 063
Buildmgstone. .. ... ... ... ... ... e e e 37, 377, 816
Petiolenm. ...... ... ... ... barrels .| 49,344, 516 35, 522, 095
Natural gas ... ..o .. ... 13, 954, 400
Buiek clay (all, except potter’s clay),
long tons............_.. e et e 9, 000, 000
Clay (all, except brick) ..... ........ 360, 000 800, 000
Cement .. ...oooiicecceoencn bariels.. 8,362, 245 5, 030, 081
Mineral waters............ gallonssold..| 21,569, 608 3,741, 846
Phosphaterock...._ ... _._. long tons.. 976, 059 3, 395, 988
ST | U barrels..| 12,967,417 4,739, 285
Limestone for iron flux._.... long tons.. 3, 698, 550 1,849,275
Zine, whte. .. ... ... ... .. short tons.. 21, 443 1, 500, 975
Gypsum ........o....oeoen.. short tons.. 239, 312 761,719
270} 7 1. pounds..[ 14,680,130 974, 445
Mineral paints.............. short tons.. 41, 926 498, 093
Grindstones ..... ..o.eeiaa.... cereaea et 223, 214
Fibrous tale...... ... .... shoit tons.. 39, 906 435, 060
Asphaltum.......... eveae e, do.... 60, 570 353, 400
Soapstone.... ... ... do.... 23, 141 401, 325
Preciousstones. ... ... . .. iiiii e 132, 250
Pyrites....ooooooeeoiniiia long tons.. 105, 940 363,134
Cornndum.................. short tons.. 1,495 95, 936
Oilstones, ete. ..o ... ... pounds..| ............. 136, 873
L7 G VLE: P do coifeviiia ot 52, 388
Barytes ._..............._.. short tons.. 23,335 86, Y83
Bromme. .._......_ ...........pounds.. 379,444 102, 450
Fluorspar -...........co.... short tons.. 7,500 47, 500
Feldspar .... ... _....... long tons. 17, 200 167, 700
Manganesc ore ........_......... do. 6, 308 53, 635
2 B 11 O do._.. 38, 000 319, 200
Graphite ... ool i L. pounds.. 918, 000 64, 010
Sulphnr...... __...._. . ....short tons.. 500 20, 000
Marls ... ..ol do.... 75, 000 40, 000
Infusorial earth. ... ......__.... [ 1 Y S 11, 718
Millstones. ... . oo e 13, 887
Chromie iron ore............long tons.. 3, 680 53, 231
Cobaltoxide .................. pounds.. 6, 763 10, 145
Magnesite ... ........._..._. short tons.. 1, 440 10, 240
Asbestos . coee e . do 325 4, 463
Rntile......o oo pounds. 150 450
(014751:3 o § - T do (a) (a)
Total value of nonmetallic min-
eral products . ... ... ...l iiieaaiii 308, 486, 774
Total value of metallic produets. | -_........... 218, 168, 788
Estunated value of meral prod-
ucts nnspecihed ... ... ..o [i.... e 1, 000, 000
Grand total ... .. . . ... Lo 527, 655, 562

{a) Included 1n asphaltum
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The chief work of this division, in addition to the prepara-
tion of the report, has been a study of the mineral resources
of the Southern States, made possible by the request from the
directors of the Cotton States and International Exposition
Company that the mineral portion of this exposition should
include systematic representation of the mineral resources of
the Appalachians The organization of this work was assigned
to Dr. Day, and has been in progress since November, 1894.
The method adopted in this study has been to select repre-
sentative localities where minerals of economic importance
are found, and there to secure such specimens as will clearly
show the characteristics of the minerals as to quality, the quan-
tity available for commerce, the mineral associations, and the
development which they havereceived The natural conditions
of occurrence are illustrated by geologic sections, by charts,
and by photographs. The important problem of systematic
arrangement of the material collected has been met by a double
grouping by States and by minerals, so that an alignment in
one direction groups the exhibits by mineral association, while
the alignment at right angles is by State divisions. The work is
at this date in the stage of collecting the exhibits, and is pro-
gressing rapidly. Practically the same executive subdivision
is made in this work as in the statistical organization, and the aid
of many of the statistical experts has been utilized, but several
State officials have also aided greatly in securing exhibits.

The office force of the division, in addition to Dr. Day, has
cousisted of Messrs. . W. Parker, statistician; W. A. Raborg,
assistant geologist; and Jefferson Middleton, stenographer;
with the usual corps of statistical experts temporarily employed.

TOPOGRAPHIC BRANCH.

At the beginning of the fiscal year radical changes were
made in the organization of the topographic work, The two
independent divisions under which it had been camed on were
consolidated under the name of the Topographic Branch and
placed in the charge of Mr Henry Gaunett. The branch was
organized by class of work in two divisions, triangulation and
topography, and by locality of work in four sections, known
as the Atlantic, Central, Rocky Mountain, and Pacific sections.



62 REPORT OF THE DIRECTOR.

The Atlantic section includes the area of all work done
within the Appalachian Mountain region afid the Atlantic
Coastal Plain.

The Central section includes the area of all work done in
the States of the Mississippt Valley, including Minnesota, the
Dakotas, Nebraska, and eastern Wyoming. ‘

The Rocky Mountain section includes the area of all work
done in the Rocky Mountain States and Territories, including
Texas.

The Pacific section includes the area of all work done in
the Pacific States, including California, Oregon, Washington,
and Idaho.

DIVISION OF TRIANGULATION.

In the Atlantic section, before commencing the topographic
mapping of several of the sheets whose survey was planned
during the season, it became necessary to extend primary trian-
gulation over them for the ultimate control of the work. In
July Mr. G. T. Hawkins was sent to the field for the purpose
of supplying triangulation in the Sebago Lake sheet of Maine
and the Pawlet sheet of Vermont. This work was begun and
ended during the month, and upon its completion Mr. Hawkins
returned to Washington for other assignment. During most
of the field season he was under detail to the Greneral Land
Office, and was engaged in examining and verifying the sur-
vey of the north boundary of Nebraska The line was rerun
and double-chained by him, and, thus verified, it will serve as
an oxcellent means of control of the system of land surveys
in its vicinity, since the township corners have been connected
with it.

For establishing primary triangulation for the control of the
Lake George sheet, Mr. S. 8. Gannett took the field in July
and occupied six points upon that and adjoining sheets. In
the following month he was similarly engaged upon the Nor-
ristown sheet, Pennsylvania, where he occupied four points.
The remainder of the season was consumed by him in running
traverse lines for the control of the Monroe sheet in Georgia,
and this occupied him until November 7, when he left the field
and returned to Washington
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Upon an examination of the primary control of the work
upon the plains in Colorado, it was found that this was insuffi-
cient in accuracy, and in order to supply this deficiency Prof.
A. H Thompson was instructed to extend triangulation from
the transcontinental belt of the United States Coast and Geo-
detic Survey over as great an extent of the plains as the season
would permit. Accordingly, he commenced work on Septem-
ber 2, conmecting with three Coast Survey stations, known as
Cramer, Adobe, and Square Bluff. From these points trian-
gulation was extended southward across the Arkansas River,
and thence southwestward to a connection with Fisher Peak,
at Trinidad, near the south line of the State. Altogether
twenty-four stations were located in this work during the
season, which closed on November 23, the cold weather and
frequent storms preventing its further prosecution. The trian-
gulation executed by this party controls three atlas sheets,
besides furnishing excellent opportunities for extension both
eastward and westward into adjoining sheets.

Work was begun in western Oregon in May. The lati-
tude and longitude of a point in the city of Eugene, were
determined astronomically by Mr. S 8. Gannett. The latitude
was obtained by zenith telescope, observations therefor having
been made upon ten nights. For the comparison of local tiine
for longitude deternination, connection was had, through the
courtesy ot the Superintendent of the United States Coast
and Geodetic Survey, with San Irancisco, and five nights’
comparison, with the requisite transit observations for local
time, was obtained. Through the courtesy of the Western
Union Telegraph Company its wires were used for time com-
parisons.

Meantime, Mr. W. T. Griswold measured a base-line in the
neighborhood of Eugene 18,630 feet in length- This base
was measured twice with a 300-foot steel tape standardized by
comparison with the standard of the United States Coast and
Geodetic Survey in Washington. This base was expanded
and triangulation was extended southward by Mr. Griswold,
supplying control for three atlas sheets. Altogether fourteen
stations were occupied in the expansion and triangulation.
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DIVISION OF TOPOGRAPHY.
ATLANTIC SECTION.

The Atlantic section, which comprises the northeastern and
southeastern sections of the preceding year, was placed in
charge of Mr. H. M. Wilson, and has remained in his charge
throughout the ycar. DBy this section 7,000 square miles
have been surveyed, completing seventeen atlas sheets and
parts of six others. Of this area, 3,000 square miles have
been mapped upon the scale of 1:62500 in contours of 20 feet,
and 4,000 square miles upon a scale of 1:125000 in contours
of 50 or 100 feet.

The area surveyed by this section is distributed as follows
among the various parties and fields of work:

Areas surveyed by the Atlantic section of topography during 1894-975.

i Area
Chief of party Atlas sheets 1 S({uare
miles
Lovell, W H......... Bridgton and Sebago Lake, m Maine. . 500
Hyde, George E ...... Strafford and Pawlet, 1n Vermont. .. 500
Jennings,JJ. H........ Ontario Beach, Fonda, and Hoosick, 625
1n New York, and Manchester 1
Vermont.
Chapman, R H....... Lake Placid and Ticonderoga, 1n 375
New York,
Sutton, Frank, et al...| Philadelphia, Germantown, Norris- 1, 000
town, and Chester, 1n Pennsylvama
Hackett, Mernll, et al | Piedmont, in Margland and West Vir- 1, 000
giia,
Munroe, Hersey ... _. Raleigh, 1n West Virgimia............ 500
Thowpson, Gilbert....| Bristol, 1n Virginia..... ... ........ 500
Murlm, A E........_. Stunding Stone, 1n Tennecssee. ... ... 500
Blair, H B....... ...-| Monroe, 1n Georgia...... e eeeeaen 1, 000
Beaman, W M......_. Dahlonega, m Georgia ..... .._._... 500

CENTRAL SECTION

This section has been throughout the year in charge of Mr.
J II. Renshawe  Work has heen prosecuted in Minnesota,
North and South Dakota, Wyoming, and Nebraska. An area
of 10,475 square miles has been surveyed, of which 750
.square miles are upon a scale of 1.62500, and 9,725 square
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miles upon a scale of 1:125000. This area completes ten
sheets, three of them upon a scale of 1:62500, and seven upon
a scale of 1-125000.

The results are summarized in the following table:

Avreas surveyed by the Central section of topography during 1894-95,

Area
Chief of party State n square

miles
Baldwwm, H L, r .. | Mmnnesota .. . ... ... ....... ... 500
Mannmg, Van I ... | North Dakota .. _....._ ... 2,000
Harrison, ® C ... __. South Dakota .. ............ c.. 2,225
Wallace, H 8. . . | Wyoming .. ... ._... ........ . 1, 000
Towson, R M .. . | Nebraska .. ...._... ... .. .- 3,500
Peters, W J .. __|..... do..... .. ... ... .. .. 1,250

— 4

ROCKY MOUNTAIN SECTION,

This section has been in charge of Mr E. M. Douglas.
Work has been prosecuted in Colorado by three parties and
in Texas by an equal number. An area of 5,963 square miles
has been surveyed, of which 38 square miles were on a
scale of 1:25000, 575 on a scale of 1:62500, and 5,350 on
a scale of 1:125000 This area completes eight sheets, one of
them, the Cripple Creek sheet, being upon a scale of 1:25000,
with a contour interval of 50 feet Two of them, the Tellu-
ride and Rico sheets, are upon a scale of 1:62500, with a con-
tour interval of 100 feet, the remaining five being upon a scale
of 1:125000. Three of these, namely, Pueblo, Walsenburg,
and Nepesta, are upon the plains of Colorado, and the work
upon them has consisted of a resurvey. #The contour inter-
val on these sheets is 50 feet The other two, the Valentine
and Fort Davis sheets, are in western Texas, and the contour
interval of these sheets is 100 feet.

The results of the work of this section are summarized in
the following table:

16 GEOL, PT 1——5
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Areas surveyed by the Rocky Mountawn section of topography during

1894-95.
Chief of party Localtty m%t;‘?:we
miies
Douglas and Corse... .| Cripple Creck, Colorado  ........._. 3%
Tweedy, Frank . ...._.| S8an Juan Mountaiu, Colorado ....... 325
Bannon, T.M......... ceendo Lol s eee emecmeeee e 250
Gordon, R. O .........| Plains, Colorado . ... ............ .. 2, 000
Tweedy, Frank . ._....| ... do ...... -.... Cemeeeeiiaeeaeaa, 1, 000
Urquhart,C. ... .... West Texas ........ooo .0 ool 1, 000
Bassett,C C..__.. ...|.--.. do oo e 1, 000
Corse, W.B_..._......|Central Texas ....... ........ ...._. 350

PACIFIC SECTION.

This section has been in charge of Mr. R. U. Goode Tt
has surveyed during the season an area of 6,975 square miles,
- of which 3,475 are upon a scale of 1:62500 in contours of 25
or 50 feet, and 3,500 upon a scale of 1.125000 in contours of
100 feet. There have been completed by this section during
the season fifteen atlas sheets, and work has been commenced
upon six others Of the completed sheets, two are upon a
scale of 1:125000, with a contour interval of 100 feet, and the
remainder upon a scale of 1:62500, with a conteur interval of
25 or 50 feet.

The results of the work of this section are summarized in
the following table:

Areas surveyed by the Pacific section of topography during 1894-95.

Chuef ot party * ’ State mﬁggle
miles

Peikins, E. T ,yr. ......{Idabo ... ... ... ... .. 2, 000
McKee, R H........ .| Washington. ... ... ... ... 300
Griswold, W T ... . .| Oregon..... fee e e 300
Barnard, B C..... .._..|.---. do e e - 700
Johnson, W.D .... . .( Central Calrtortizd -............._. 500
Marshall, ReB.... ... ]....- do ... .ol Ll 1, 000
McKinney and Holman.| Soutbern California . ... ... .. ... 675
Fletcher and Gerdune.. . |.....do -.... ... ...l .l 1, 000
LPost,W A P do ... . a.ll 500




REPORT OF THE DIRECTOR. 67

OFFICE WORK.

During the winter the surveying force was engaged, as
usual, in reducing and transferring the plane-table sheets and
in inking and lettering the original maps. The work has
gone on rapidly and efficiently, and all the work of the past
season has been put in shape an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>